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4-0 Uoj j \ * . *■ j\ <>jl i <i>j-> 4-J dbj_j<LA <Lj^j t<>jI-4jlJjp ^JuuudJj4j4J ^4_i L^. j4j 

(j£<La j dL j 4_») Cu<L^jIj^4j jj!j4-j j ^Ju-ol L*. j4^4j <u!£j cdjl^£<G jL lxujlJuuj<>J jL j4^4juuuIj 

*>jt>jljjk Lj Lli_uj Lj ^4j ^ 
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^£*jl£ : N—V 

jj <> j4jI jb 4J jl^<G4iuduo ^$j4jlLuuIj^ 4J c4uj|Jdj-ijj : jrCIlCtiCS * 

.$j4jjJj 1$J jll4j^<>j 


c L jj ftl J ^$jLajj ^jLuujIj ^L^U^Lb 4-1 jj-j jdu4-l ^4_l4u (1884 ~ 1822) J J-j4.j jj^jjI 

(£4^Jjj ijS&jj j4-uj4 J d4-»£j4jJjljjG Jj4,a* ^1 JjL^j4j 4j LuuJ4Jb jL*. ^4l4j jj j4j ^1 jj J 

^<4 g<lJ ^JjIjIj 4j \ao\ ^jluu 4j ^j4b ^i jjj cPisum sativum 4^kb 

^3Luu<Lo djJ 4 _oj1 ^jIj^jIaj^j ^£4-!jj4J ^jIju j Jj^ jjJjjAi 4uj ^.1<nfr J ^jlljru j j114juuujIj 
^Lldjljj 4.J *j4ulJj1jJ jj OjljdjuJ <jjjj <jJjj-uu 4_1 lCjL^j IJ-j4j ijjJ (JjLjjIj ^IjjUb 

. I Jj£jLdJJ 

. jll4^<>j jjd j4uljb 4J 4jH4j4,4jid j4jjluuI jl iHCFCdity 6jlojJ • 

4g^,b ^4SLJ^ j JjJ<U 

4—1 <>jj j4_J 04.4 i- <<i O j4-A ,-jI 4-3 c4_^A. b ^4.^ Ijj _1<>jj j4_duu4j <>j4 \ t 1 jlLJ /^l j aJ JJd-^Lo 
^4_iLd4J jjj-j ^u.2jjJ jiujlj4_j . jjj4_A ^jJjLA LuA.'k jj jjJ djl44j.«n j4_A 4-1 cull MjbJ 




jL^jj 

V 

at,,, 

Ojjl J4JJ c jJjJ J4J 

(T> J4S ^jj 

4$^ ‘ 4$^ 

(P) ^ 

Y Jjg C Jj^ 

(A) 

jj4-uj JJJ (. Jj*j 

(Y) 

jj3 t 0—^-1 J>* 

(R) >» 

J J d J C 

(G> jjJa£ ^aj 

jjj 1 $14 J6>j4-a4.1 jjJ4-1 c j buu j 1, Vl4 A jjJ4^ 





^j4Jlluu :4u jajjj *CxJj1<>JujIj J ($jUJ^)Jj-Ajj 4j 4l 04 4jm 4J djljjl ^14 j6jJ4jj fait jbuljj 

. ^Jjjl J4Ji j (JjJjJ J4S 4J jrUJjJ 4-1 4u4-A (Jj L-u^ jj jj J 4-U^j ^l$jj4J J4-S (JjJjJ 
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| | (5jli4 ^jJOJLqLj | ( 31 x 1 ^uAA >.U.^<ial ^JOJLqU | JLA^f ^jLoj-l.|Q 
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4-£ C(j4Jb Ujj-^ i.hi<Lj j?i i 11^4.1 114*1 ^ (J« I AjJ 4_^jp >.i?<4j (j 11tj ^a^££ j4^ ^4-a4J * 

.Ojj4^ddJuuud J jljb 4J dl^4j 4J 

.Cu^^j JLuajJkJuuu<>J J-J4 j jj J 4j cfiUlijni j4A 4 jIj4£ . j<u^.4jJ<>J jl£d^UU jlo<U jI£4JLJ4j ■ 

•CMjidJ UoA E ^j*j4^ 4j : [}\j (£j\£jA = [)\j “ 

• E ^^joj 4j :^jj4j = j->j4j ^^JLjJ^ - 

J-} <sh**-* f U *4 c £*-d^* J La^A A C5 JLjj 4_j ^jIj4^.j4j C5"^ d J ^jLuaa.jj JJ Jlj 

•CM^dJ UIa a Lr JOJ 4 j ^ 

(j ^4. ijJ^5LjJ 4_Sk ^4 ->Lj4Ajuuu ^4—J ^ 4 jjj-idJ jljl. (J J—j4.a l^4— a ^ ^»Jj4 -«<i (jj). ^ /o 

V^jduu^jj^ jto4J& j4duu dLJ 4 lj ftjfrj ^U^LuudJ j-ij 4 _jQjj4-^j 

. <>j4ju>jjJj j^4jj<Luu ^jJ^dui4j|j ^LuuL 4 jLoj1^Ij4j 4j4jIj4J 

*^4^Jj 4J t£j<L> j4.^.>j&J Ij^J ^5?*Q4 a->j 4J J ^ ^ ^45*4j< ,£jj <U jl^j>jLO tnidJ 45* cJj^ ^£j4j ^ > M <7n <J ^4$/o 

C*4jL dJLuu^.Jj ^LuuL — J £)4 jL $jUjj ^LujL — £ <>j4jjjjLw^. ^LuuLj ~o j^4jj4-uu ^Jj^uu4jI J ^LuuLj —| 

‘ J 4» j Lb^ (j^ i; *** jjJ «U t Jj£ Jjj«u c1jjI£ /o 

Jj^ d j4jj^jLia. ^LuuL jS>j4j ^JyU4-d 6 j4jJj£_*3G ^4j — I 
4aj |J4^jJ ^^VUfrjin j4jIo^j 4J ^j4^jjI£ ^1j144j«<i ^£6j4jIo£J 4^ dj4-ijjJ —o 
4 j4 A IJ4^jJ ^?Ljl14JL±jul> ^^j4jUjj 4J ^j4^-ijl£ ^ljl44j«<i j4jLoj 4£ dj4-ijjJ ~^ 
IjJ4j ^jl£d>jl£ 4 j 4-i^J i Jj^j4j j4-^j4duu 4 jIj4j G j4j 4^ Ij^lJ Ij — J 

14J I\j^^4Aj4j ^4^4j ^4^dj JjJ4^ JJ-ijl£dj4jJj^jiG 4J /O 

jljb cri>^ _ V J 0*J^ c^>i^ 4j4 ^ i 

jljb ^l^dj4j jIjAj -J (jljb -g 

Qjn^j^J ^LuuIj ^ ^_l 44^ dJ^jl ja. ^4jLo 4J cJ 

GgR -j Gr - E GRr -o GgRr -) 
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:J ‘ (PP - J^ • ^aj) tpO >4S<4 : 4 j 4A ^jUjjJ -Jlj (^**44 aj lx^ jj ■ 

(Pp = J^ : ^*j) 

.(PP = ^ im J^ :ddj) 4^d>j£<u 4<t»jrt4d> :<L»4Jk ^j 4 d<L> L$j<G t^<u4 ajl ■ “A .jj a 


C,\Z*j4S& 

C)-JjjIjJdJ cjlj'ijl n4 % I n<U d jIjiLjjLj J Jjj ^yjjj 4 _£jdJ ^j4_^4j : robsbility * 

• CujJj^jdJ oJ4 04 c£ J<Luu c£ d di; (£ajlui.4j 


d j4jlUl> djb jjJ IjUj 4j4jIj 4J 4^ jl^djbk ^djUj 


Ol JdJjjj IjLj Jjjj ,_£<uljLa. j4j (^djUj 




Oj4^jdJ jj IJ_!.alalt4j 4^.4 (JJJ& j<Lui<U 4^ j9Li 4J >.’l\^4-i J jj<Lo :4 jjaj " 

( p4, i < t .<«i jLa. (Y.♦ ♦ \)j Jlj (^Jj>j <> *„>“ » jL*. (V * YY) cF 2 ^ajjj ^l^a^ljj^j *0 

•J>» jLa» (A. ♦ YY) 4^ jl^ajjj jj* 4A ( _ r a4A.j4-u U 4J jljdj42 j^IJj4j ^j«U 

= j l£d^4^4j ^Lub !4 jIj4£ 


rli = 




♦ . Vo = V ♦ YY / A.* YY = Jlj (_£ JjAj jjj (_yjjj4£jdJ (_£j4£4j 
i:Y = ^ajjj t 7 . Vo =^J4^ <^ajjj <4 : - 

♦.To = T. ♦ ♦) / A. ♦ TY = ^jj4j ^jj4-ui jjj ^j4^4j 

\/i = (_yjj4£ t Y:\ = ^ajjj ^*jI^<4j c ♦ .To = t yjaj <^ajjj 4 j : - 

.ijji^jjbj t^ajUjj 4j ajijba. <^u jjj ^ijSAj: Monohybrid cross <££ • 

CUj£dJ ^JdjlojJ ^J^iUdUJ cJ<~; L$j 43 JJ jjj^l Jl j J4 j I Jj JJJi^djjj J <t£G 4 J B 

•ala. • • c jJ£ o^i Jj^ c5^ d J ^ JJ j j* a 


jj 4jj1.<;.i.j,a :Punnett square cmjjj • 

^j 4__ilj djL-ojj j Cj4j(j<>j 1 Ijj ^jLjj4j 4__Aj4 j jJj4 ^jJj^j m > MIJJ 

.IjjL^^G ^jIjSj.1 ^jL^ 4J jlj-^jl jj<> jLx 

feSdj&u X ,:■'' :^4^4 j ^4jj^Ii 
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• PP iJj-£ u £j£ »Jj J 4 J 4 J PP kl*j d«L* (J £da£»j J 

(Jtj-ij J j OJJ-i dj-^ ukjJ**-* *j-% (jlS4_^.dj 

<L* IS ^UJ Jj^ J r Jlj L t . ‘vj"i «< ij . .. i «U u^l^> d_S <L£jO;b J <Lil£b j<Lj 

. Cuj^dJl J 


(PP)^lj^> JjZ 


(PP)lt^ Dj* 


N $x^ 

p 

p 

p 

Pp 

Pp 

p 

Pp 

Pp 


dj-^ X lt' , J <l ^J 4 -' dj^ 

(k^*j <J<U) (k^*j d<u) 

PP PP 

4- Pp :Ci<uUtjU^j 

<Lb^ .c^jj £ djluoa. 4J 

* v v 


X 5i>^<u 

V V ** ' 

k^dj d«Lj (^Jlj j ( jb£j£4_> «L^clj j uft ^jlj4-» jjJ ,jljjj<U lj_£ duj^jjj^ 

ijfj-iJ J £»4-*b J »JU^J.J (jidj (jbjjuxt-A (jjj£jblj^«u <L& (ji luI£<l£G.^ k^djjjJ 

«Ulj (jituidjjjjj j djjj<u iS Juu,jjji <& o-u«u Odj<b ^jbilj j«^«b g<u <t£b 


(BB)(ji 


o" a j 


(Bb)j2)»; 





B 

B 

B 

BB 

BB 

b 

Bb 

Bb 


<ji*j J^—0 X (jlidj JJ—O 

V V 

(i^dj jjj) ^<4) 

V V 

Bb BB 

2 BB , 2 Bb :o<uu»jU^ 

(ji»j j!>« ,«4 j£ (Sjlj 4 ? £ :C)< 4b 

V V 

tit • 


X 

12 4^ J^SIJj4j jIj4a.*j jl^A. cc^djjjj 

• 4^j jbjbJ *^4 j^ jj4jb djLu^jj j C*4aU djbjj Ij4j c fc) j4du/4j 4Jlj B CujIj jA^4j 


(Bb)^ 




(J^ d J J>-a X (jlidj JJ—0 
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(Bb)^ 





B 

b 

B 

BB 

Bb 

b 

Bb 

bb 


jjJ) (S»j jjJ) 

V V 

Bb Bb 

1 BB , 2 Bb , 1 bb 

JJ-a (£jb*4 ^ ‘ JJ-a C^jb 4 ^ ^ •‘“*‘44 Ojl i ‘' ^ Jj 

’/.To c (ji»j ’/.Vo rjl^jljjOjLa. 


JJ 4 -^ jl^b 4 -* ^«y ^Jlj ^^£12 ul^j«U CujJooaUaj^ 4£ula£4 :TestcrOSS ^jl^jSO • 

. d£<Ulj 4£Li (_£jljjljdj ^.*11 i»«U«ta <U i(4£»j£<Li 

J CxLiLdjla^J ‘(JJ-? jb-’b 4 - 1 <£t>j ^IjLf , Jj4- uu >d <lJ J 4 -^ " 

.<>jdjbj^ 1J9tj j4^4j jjJ d~inu^L> ‘^alj^4j ( jMj~tl£d.A.»j ^4 jU »jli«i-% jjj 

(£j-* b 4 ^ 4 -! <iij^a t y < v\ < i 1 /ujj 4 ^ ^Ij^jJ ^Lijdj dj d^jbjjljJ o<Ub »jlniyjj j u4jU bjlajj ^dj^aj 

■ b Ly -i**j jj-a j<U*j<U dJIj tSdj t^“*JJ-a 


(BB)^ 


0"*J 


(bb) 


tr^" jy 


?x^ 

B 

B 

b 

Bb 

Bb 

b 

Bb 

Bb 


.BB iUlj c Q t t^ d^4j jlidjja j4^4j ^jd^da 

** * V ** ** 

JJ-* X (jludj JJ—0 

bb BB 

4 Bb :0<uLdjloJ}j 

.J (jdudj jbj<i4 <t£>G iO<u1j &j\tti^^j 

* v * ** ** * * ^ 

(j^ d j j>* */.N ♦ 4 : 

V V * V 

•Bb i Ltlj j4^4j ^j4^4j 

JJ-° X (j^*j JJ—* 

V V 

bb Bb 


(BB)ji»j j_ja 
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[SSBMiBi 


(bb) 





B 

b 

b 

Bb 

bb 

b 

Bb 

bb 


2 Bb , 2 bb 

.^)JdJ ( jidJ JJ-O jl£<> j^jI Jj 4£ 4£G jjb :0<ub djLua^bjj 

JJ* '/.« * ‘ (ji»j JJ-« 7.0 * c£*jJj 


j j» Ud rf ‘(jj-* jljjlj 4 - 1 4J j4_^4j ■ 

jU<LA 4_£ Qjj 'l J (j Ij 1^4-J dj4_^4j j4_J lj*>4 *i 4j uujjji ijj_j IjiLjjLj J jl£$jjj| J_j4j 4_^<>j ^4 -jIj fljl xi-% jjj 

.Oj'm rt14■ n»J jl£djjjljj4_> <U»>j ^sIaIxQ 

^jj ^ Jj Cwj£»jJij fc-1 J~il£ 4^ 4 ^ MjL)J 4-ujjJ JJ? 4^Jjj 4idjj j4j :4jjjj 

T gjA. JJJ j<U-u4j 4jlj R (j-ujjJ JJJ Ojjljj j4^4j . jJ*J J^JjJ >» (jl^djjj|jj4j 4^G jjj4J6 JJJ 




( rr >5^- jj? 



R 

? 

r 

Rr 

Rr 

r 

Rr 

Rr 


gjf- jj^ x o-j- 1 jp 

(^>j£<U) <jljj|j<G ^dj) 

rr R? 

RR : <j-jJ jjj (^jIjIj tr*‘4 L f*J La ^ 

4£G^. ca!^4j 4^$jljblj4j 4^<>jj ^j<Ub $jUjj 

. jdJ jdUjJ jjj ij 1£6>jjIoj4j 4£G IJdjb j4J L$j4j 


:j>4 >Vn 

t ^jj4_»u ajL-o .jj ^ij ^juj4_j ij_)Lj <l* <4<u^*jj4j j4j> Complete dominance jij4j ^jjJjj • 

Oj4 a. !4—JJ-ob .d j^j 4__* 4-_£ 1\ id<Aj ^jb& 4 _JLjJ4j j** ta a jJIj ~ jI jlj.£->jl_>J 

. 4^JJ^j ^4^4j4j bd>j 11 

Jjiv Li jbjj-d4Jb jb jl£<>Jb-i4-> 4^G (.^jJljuj l)j^ 4j CxJjJdJ ^jIj4^j4j jj dLGl£ 4 j j-ob^J : Glj B 

j4-uu4j «4<U ^jjIj 4J5 (jJJJ-lJlj (jLjljJ (P) t# jlj4^.j4^ JjJ ^jJLjJ^Lj 4£jjA ^1 j4a.j«^ Jj^ jtjdjjj 

.(Pp C> } >^ »jJjJ Jj^-b PP C) J >^ »j^4j g)Cuj«l£dJjdJ j<U ^yjljcLkjslj IJjUjjJ 4J 4jjj JjI (jJLJA^ 

^uijj djjLuo .jj ^juj4j ijjLj 4j4jjj4jj4j j^ incomplete dominance jji j 4 jU ^jjjJo • 
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:<Lj jaj .O.jOJ jLJ_j 6jllolo ^j44j.i<i (jfuojl^dj^jl J^4 j 4-£G cI Jj-j ^4-£4JLJ4j j4-juu4j 4-aj jj_jJIj jjl j4-j 

.^U^x 4JV Ldj L-ua. jj 

Jtaj^ 4^G c^i v.i it (J^-£ ^ «<< L*4X4J^ 4-1 Q.tjJ^J j^duu nbAX 4J^f vdL>1l£ I Gl^ * 

^dj4-J j4-uj4j 4-iJ ^j^jJIj jjlj43 <^GIjj 4j j j^-uj 4j 4^jja. c^dJjdJ ^4-04^ jGjj^4A 

• OJudJ ^j*Lo4j jLijdj j jdJ JjdjLLoU (jl^ jjJ j4A jl j1j 4J jl£d4£G 4 ^jj cl 

j J4-joj4^ 4.om^4A (E ^1^4-jLaj) jI£La1a 4jLuoj^xj lX<>jj4X cjjl j4-jG ijj-jJIj ^l&L^G ^IjJliJ L£ 4J ■ 

^duuU4X 4JV c WW = ^Jn< 4i <J^-£ ^.«uub4X 4JV c RR = jJ-juu ^dUiL4X 4JV !4 j j^jjj jl jUa. ^£/^4j4J 

.RW = ^j4-o4j 

^4-^^j ^jI£4_£G jj-o 4_A «<i (£j-* J4-^4J jj_4uj Jj-^ { j-uj b4X 4JV ^ Jj ^1 jXVl cr dLaIi4j4J :4 jj^Ia 

C)j4-^jdJ JUjlJj 4-> Id-jGjA. jljj*t4 1 U <l£ ^<LjI£G j4j jLuuG c ^-J<Lo4j FI ^4^4^ 

J ^IjdjLojJ l ^jI£U4_jla 4-i (jLuj<U O iV ij 4-a 4_o4j • J ^4_o4j j ^ j << < J F2 ^djjJ ^4-^.dj ^jI£4^G 

. djdjddJ^ll Lr jGxAjl^4j 


(RR)j^uu 


(WW>^ 



R 

R 

w 

RW 

RW 

w 

RW 

RW 


(RW)^4o4^ JJj* 


(RW)^<U4j 



R 

W 

R 

RR 

RW 

W 

RW 

WW 


^ u.4j (J > f£ (JM L4X 4JV X j^juu qjj L4X 4JV (P) 

(cS>£^4j) 

WW RR 

4 RW (FI) 

. jjdJ ^<Lo<U (J^ j^jI Jj<U <l£G j^a<LA :0<ub »jlm%jj 

(^J«u«u X> ♦ ♦ :jl^£iljjdjla. 


^jtLo<U l)j£ (Jdubdx <UV X ^><La4 Ijj^ (jdubcLC <UV 

(ilajjjJ) (^tjjjj) 

RW RW 

1RR , 2RW , 1WW :o4*u*jU& (F2> 

u Y Jj^ ^ ‘js>“ »j l■ “~* jj 

\ : X : \ :jIj&Ijj»j{*. (£»j±j 


: jk<Luu<Luu ^<G jAi 
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g4«A <.j4j4blj jj4j44 j y J\j 44 jG4JLjJ44 4J ^l£ guA IjjLj 4£ 4444 J4dj444 j 44 : CodOIIlill cIIICC jjjjJljjlA 

a . Ol JGjjj IJ-jG4j4jL djLuuA.jj jljVi4 1 jiud jLojj j 44jj-J4fL44 djjA 

. M N i<<< 

^£4—)44Jj^ c N ^Ju>^£4Jl44Jj£> :4j4-aj^ ^^uj j4 u>44 j!u4-aIJ Ijj.a ^44j.^ IVIN ^.i04ii.<4ii<« ^dj4j.^<Li 

•MN cM 

4-S 4 6d>^ j<Udo4J dj4_£l J444 djJ jj-AjjJ ^JJ-4 jUjjjjulj-ujjJ ^£jL£jA 4_£4J4_oj£ (b j-uu4A 

. N ^£j4£IJ4j djJ cM ^j4£lj4«U djJ 44 jjlj-uub 

^Gl jj jLul^ guA <.44 jjjJIjjIa N ^j4£Ijj4j djJ j M ^£j4£lj444 djJ 4J jujj4j44 ^jG 4JUJ4^ jl jo 4 ^J4dj444 

. jj4^dJjdJ dj4^4444 44J4 c I Jj4 j4j j4juu4j 444 jjjJIj 

4_> 0-4j£dJ L&jA jb4^444jb djbajj cM =jLujja. ^4J4-0J^ c4j 4A jb M ^j4^l J444 dj J lgj<G ^GGu4^ j4j 
LajA jb4^43<Ub djbaj4 cN =jbjj^a. ^4J44j£ c444A jb N ^j4^Ijj4j dj J 1 4 ^£44 Llu4£ j4_j . L^ L M 

= jGjlJja ^4J4*j£ 4_j 4A (jLj N j M ^j4_£lj4«U djJ jJ^a jjJ j4A 4-S ^GGu4.^ j44 ^U4j c L^ L^ 44 04j£dJ 

.L M L N <4 04j.£dJ LajA jb4ifc<G<Ub djGjJ cMN 


•IMP 


M 


<^<<-d- JjUj j<> - 1 & -.A, - JJAJ 

VoAjdJ d<Ljajjin g <U jUjl£<Uljj^ ^<U<uJ£ 4_>li> cJaa N (_£<U<La^£ ^<L^dj<LujjLk J Cjji 


(L M L M ) M d<uj£ Uj 



N ^Jj^a. 4J<UjS X M ^Jj^a. <li<UjS (_jjLlj 

(SojZ'U) (^4»j£<U) 

L N L N L M L M 

4 L M L N :jl£4jljjto Ji<ubdjLa^j 
.MN ^44JA 4J4*j£ ^JIjJLO 1 :044b djb.uA.jj 

•MN '/> ♦ ♦ :jlj£jljjdjla. ^a^Jj 

v * v 


BHuanEi ChranetAK I 


4 07704644378 4 


_ w„ 




-4 


































— 


jj^LLdLu Cj jj—a* jjJ <lJ djl j\ \y jjJ ^jIj_£.jJ : D illy b rid cross 4-3jja* • 

. Ijjjj La 

^djUjj (J ^<i 4 j. .i jjJ IjjUj <l£U» <U ■ 

j<l 3 j ^^a-uu ^4^1^ c?J-* tr^ d Jj ‘J J4 -* J Ll>^ :4i >" " 

.. . ■ • ; •* X • . &J&4. ■ 

V V 

. jj4-uu kXjdj J £p-». Jjdj djdj j ^yjji JJ ,jL£<L> <^dj.S<L> Jjj (jljjj<<J IjJ^Laj^j diL>j<U 

AjAjIJA. ^ 4 jLjLuIj j 4 j ^jlllAjl^ 4 j 4 ^ MjLj JjI^jI jjdjL*. ^££jJj j U 4 ab djLuu^.jj j Cj 4 jL AjLojj 


y : >> 


Y : JjAj jj r : gjA. jj R : j-ujJ jj 


(RR) qjjj .J jjj 


(YY)jjd^ c^j^j 



R 

R 

Y 

RY 

RY 

Y 

RY 

RY 


^ jj^ (I) 

V 

(c^Aj cJ4j) (c^dj d4j) 

V V 

YY RR 

FY 5 FY 5 FY 5 FY:jjjIjj^j ^jI^j^j 


( rr )g^ 


(yy)jj^ c^jdj 



r 

r 

y 

ry 

ry 

y 

ry 

ry 


&»j X gjA. JJJ (II) 

(<^&J d4j) (c^dj d4j) 

V V 

yy rr 

ry > ry > ry j ry :jjjiaj<u 


.(II) j (I) ^ L^j4j ^jI^AjjjIJj4j 4^G ^j! d&jJ (III) 

c£ d J^ Jh) 

(RRYY) jjdj j j-o^J j(Jj 
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mu 


Jjdj j ijujl jjZ 

(RRYY> 


40 / 

/ o^ 

RY 

RY 

RY 

RY 

ry 

RrYy 

RrYy 

RrYy 

RrYy 

ry 

RrYy 

RrYy 

RrYy 

RrYy 

ry 

RrYy 

RrYy 

RrYy 

RrYy 

ry 

RrYy 

RrYy 

RrYy 

RrYy 


16 RrYy :o<ub»jUyj 

,(C»<uLku <■ Jjdj c^jdj j jj2 N"\ :Cj<l»L> *jLuu±.jj 

. jj»j j j>* 

V V 

^j)j£j ULuulu ^4-jL djLuoa.jj J CxLjL Jjdj <Xj*j j dljlj^Ai 

y jj^-uu j^s j<tuu<u <uij Y j jdj y j dj r 33 j<ux><u 4jij R ^-> 1 ^ o-u^j ji£&^i j^4_» 

(Rr> jji 




R 

r 


Y 

RY 

rY 


y 

Ry 

ry 


(Rr> tjujj j}j 



R 

r 

(Yy)jjs> 

Y 

RY 

rY 


y 

Ry 

ry 




X (I) 

V 

0-^J JJ J ) 0^*> JJ J ) 

V V 

Yy Rr 

FY> rY > Ry > ry : 




JjAj l£*Aj X (JMJ J JJJ (II) 

V 

0^*j jj j ) 0^*> jj j ) 

V V 

Yy Rr 

Ff/j rY» Ry » ry : 
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.(II) j (I) (III) 

(RrYy) j j*j j j&* 


Jjdj L&*j J ^jxtj J JJJ 

(RrYy> 



RY 

Ry 

rY 

ry 

RY 

RRYY 

RRYy 

RrYy 

RrYy 

Ry 

RRYy 

RRyy 

RrYy 

Rryy 

rY 

RrYY 

RrYy 

nYY 

rrYy 

ry 

RrYy 

Rryy 

rrYy 

rryy 


1 RRYY, 2 RRYy, 5 RrYy, IRrYY, IRRyy, 2 Rryy, IrrYY, 2 rrYy, lrryy :o<ub^u^ 

j j£S VM t j jpA j£S V/M c j (j-ujJ jJ£ Y/M t Jjdj j j£S \/\*\ :0<ub djluu^jj 

N : Y : Y : *\ 

V * V 

m <U j JJ-0 ^ ^<l4j Ml <U QuiY J j4^4j : A 

4_^,dj ^yj<uL»jt in-’kjj j CxL^UftjLajj 4 _jLj .^j_jj Q urn ■ njj-a ^_a <U Ijjjj4_j Q in Y in 

. S ■"• ■ ■■ ^ 4jlj S •"* ■ ■■ ^ t I} ^Juii j^A dJIJ 0 .Qih^J 


(BB) j>« 


(Ss)f.j<a a 


(SS)^j 



B 

B 

s 

BS 

BS 

S 

Bs 

Bs 

(bb) 


b 

b 

s 

bs 

bs 

s 

bs 

bs 


Oi«<t * i j > X (jlidj (I) 

(^»J JJ->) 

V V 

Ss BB 

BS 9 BS 9 Bs 9 Bs ■ l^4j 


>}J 0 < UU X (H) 

(<^dj£4j) (<^dj£<U) 

V ** V ** 

ss bb 

bs > bs > bs j bs : jj<Li 
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.(II) j (I) Jj 4 j 4^0 ^j!J^ jl (HI) 

(BBSs) o -u*iaj j jj-a 


^ J Cu ^-i J 

(RrYy) 



BS 

BS 

Bs 

Bs 

bs 

BbSs 

BbSs 

Bbss 

Bbss 

bs 

BbSs 

BbSs 

Bbss 

Bbss 

bs 

BbSs 

BbSs 

Bbss 

Bbss 

bs 

BbSs 

BbSs 

Bbss 

Bbss 


8 BbSs, 8Bbss :o<uL6jU^ 

>0 J (J^ d J JJ-* A/\*V c aj4j 0 *m4Ju > J jj-d A/\*\ :0<UL djL-uA.Jj 

.jJj 0.4 u v u j (jidj 7.° 4 t 0.4 aVi j JJ-s 7° 4 : 

dj<L 3 l£»j ,jjj ^ J4 -* J J>^ u-^*j jj^j 4 -* j 4 -^ 1 ^ f 4 -^ : (B) «Lijxj 

^jGllAjI£<Lj 4j «. ^4jI jl-Lduuj-J j4j j4jI j jj 4jo^j ^£jI£<U 

• J,^ ^ P j j ^)jT 

4iLi jl j4j (V t Yc ^) ^JLU 4j Ij ^.j 1£<U IuuJ^j — \ 

?4jJa. jljb -Y 

?4i^VilhKVl g 4 jIJ^V l ^4 j —V 


N V^ 

PT 

1 

PT 

O 

PT 


PPTt 



PT 

e 



ppTt 




FpTT=jr pt =o R -)-> 
FpTT =9 FpTt =cf -Y 

■ djJjU C)J^A. jjJ O*,?^ 4 -* 4 ^$^ • 4 -‘J>^*JJJ j 

iii jjJj 4 _A ^jl $4 ~jj .j 4 _loI j<U ^<<—ijK Ij ft 4 _ 1 jj ^<Lj :(C) 

4 .JO I (£jl£<4 tftj4_jl£ftJ jjj ^ J>* J JJ^ 4 ^ Lf^^J 

4 _llj G jj 4 -uu ^yjljj jA£aj 4 ^ (^^tjljLj-uujJ j 4 j (_£ft j 4 jI jj 

• r jjfi jt uu<u <uij R j£» *j tg jj»j jjJ 4 ^ j«u*j 4 j 
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J ujfc jLijI£4JLJ4j<.(2,4) ^jI£$jLoj 4j &jIj£Ia1a ^[&<LLui4j> — N 

( 2 , 1 ) djUj ^jI£4jLlo4^ ^la^li 1^2*4. j 4J CiJu$jlaj4j 4£ <Luu jja 4&6jj j 4j ^4jL$jU^j — Y 

(4,3) ^aI£4jlLo4^ ^ljSj.1 ^.aL^a4j 4J OAJdJl Jj4j 4^ 4jjijja 4^djj j4j ^4jL jLuoajj ~T 

gr =4 <^04^ c Gr =2 -\ 

GG Rr -Y 

jmjjJ jj 3 j jj4 -uj jjJ4£ -V 

<>jfrjfrJ i*%j 1 U4^<U U<> j ^4..* uljfCd <> jJ^ g <-djlj£l ajA I Jdjdjl ja. ^4-1 4J ^4j! J^jl j4j /o 

PI 






£j* jjl ^4£J>jhJ ^|J JV 

OlJdJ jLioJ jJ£ J J 43 ^34 4Jil l jjJj4.A 4^jja. c4jj^j^djjjJ 4 aj^a. 

: Tt c Cj4jL djLuuLkjj : /o 

JO “j o4jL ajU$J “£ f4^4j (S^^J - v ^ d J JJ J 

• ^4^6, 4J cLlLlAjm- ^4£4JLjJ4j 4J 11 1|4^ ^4Jb J d OfjaJ^,^. / 

y y y 

cf^b - J jij4^ ^j^jJIj “£ jj^jJIjjU -O jlj4^ ^j^jJIj 

?$Jj4a Qj.u ljj«U I Jj^jJIjjLa ^j!^4JLJ4j 4J cIja j»3b 4J 4 j4jI j 4J 4j£ jl£djl jL,ab 4 a4jU «>jluuik jj ^Sjloj /<. 


-I 


-) 




Jj*- ~e 




d4_l — ) 


(% : \ : \ : N) d\i...<d^ *dii. &jLuajj j ***'* < > * 1 * ^J 1 ^.* '\JYjO'*' ^ /, *‘ 1 ** 1 »< y *i «-i< aj /*_» 

TtRr x TTRr -j TtRr x TTrr TtRr x ttrr -o TtRr x TtRr -) 

:4jl£aJ ^4jS4-> i £< 04jbajUj /o 

r : \-O > : \ 


> : Y : > -j 


> : T - 


E 


-» 


l jj4jljj-i j»4J 4 j (jLjl^4A.aj oa^aJ a l J. l , "Ji ,^0*4 <^^*4 J JO u^*JJJ j <^“04 uO-4 u^JJ^J* ^ /^ 

4BB -j lBB:2Bb:lbb-£ 3BB:lbb -o 2bb:2Bb -) 
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mi 


^ojLpLji i (3 lx I (yui^ ^ojLqLj | aa^J £jLoj_£*p 


— 


j4J jruu>j_A 4^ t jl£a>j4 \j <>jj4A 4 aj^j4j AjI£4j 4-j gLuJ4A IJ-J L»4 £<>j4j Jj^jiLj 4J jlA j L» 

• j4j$J jLjIj4J jbj4 \ JuLuifrjJ4A jbjJ 4^ La-Jj.I>4j 

j (jrujj-J ^j4 jJ4ft) 1 £wLajj->4j ^ l\ j ftj 1^4-i 4 jLuuJ4X Ij_jL»4£$j4j 4J l ^j 1^4J<>jLfc j 

^(RNA) J (DNA) J (jtuj^-j) ^Jj4^ V C5 -ujj4A c(RNA ^j4 \jm <^J4A j (DNA ^j4jaiid^J4A) 

^4j cr o J 4^4j ^S ^L/&4j ^4^Lk jU 

jrujj-£ ^Jj-ajLj4J jj l jIjj^ ^aj4^4j ^S 4^“*^ jLjJOJjj-J ^j4jlUx$jJ4A ^ajjJ>4j :^4^4j 

DNA ‘jLu$^ ^^4^4* 4 ^ ' "^ o^DNA ^j4al»idjJ4A 

RNA ^Jj j.jjQ 4J cjljj^ ^-0 j4^4j ^S (£jJ^ 4j jLj 4juuua» jIjRNA ^j4Vt< ofrjJ4A L5 -a-Jj->4j :^4 j uj 

jjJ-Ijj ^R 4j 4j Lj4^ j j^4jj4-dUU ^6 >jj.mi4j jLjI£Ij/&4j ^4^4j4j 4^4j jLuuL jl 

• ^ 3 ^ >si J 

&S (£jja ^<QbUJS<b j4j 4^ j Jj-o 4 jK Uio j 4 j 1 $j 4 j : jUjlU ^l^4JdjLfc j Lj I JxIa 2 j 4 j 6 >j 6 J 4j 

jljjj^ ^j4-^4j ^S ^1£L/&<La 4^j-a. IjLu ^LjRNA j J&JJ-* ^j4-S4j 

. J L^4^duuus J S jj jJjJLj FI jLxjl jj ( ji4o4j c jjjla I Jlu ObDNA 

* * * * ** ****** 

yUDNA 4& j ljtjj f (jS (JjJ^ (^<UbyCS«U j<u *£ Aj<uia <U <j K n i n j4j ^4^ 

S R ^l^tLiLa. jljj^£ ^S Ij*jLi j<U tjjfljJjliAj ULu 

jjj£-> jI^ 4 £jIla j 




^3S 


jyf iSilSii 


j + 



6 k^f! 

j^at| Mi jjAjjjdJ 




iLJiS 



jj- ^ 41 * 



jLJjS 




Et jjj? jUj3d4J- 

■ I + 


J J*j 3^ ^ SLtjZu 
RNA &*££*£** 



j i'^S jui? i 
DNA 4.- J ‘~];- j j' l ' J * .ji; jjA? 


. IjU/^4j <U 4jIj^ U ^DNA 4^ ylj jjl rt l<l ■ II ^L^cUdjLt J ^yS(j yi<La<U 
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£) jt |gj | Krire n|Alhtrm nn&dl 


y l£<yjua ».jjui & 4jl5l» 

<OiL> j>U<U ifjj d<L> jj&bj ^jlibbuji ^<Ll<La^ j (gj&Auuu cl JjDNA <d 

<* ‘«d** J 1 ^- ^ CjjjLja. 4SL»J JJ clj JjGj^U£ JJL* 4J j 1^4 j.\U 

:|J4J44^£ ^<Luj4j ^jdU<UlJ 

:ddj c4 _jIj^j j L_Jyu L> j 4__£ <.j->4_&J4j Ojj ^ LJ> ^— 1,41 : PlirillGS ~~ N 

.(cu^ojuIa G <u «^)Guanine jpijZ t (cu^ojuIa A «u «^)Adenine jfujj.tf 
:ddj c 4 _jI jL a.Ia.^ j^/uL> j 4_s did (^joa.jjuLj y^iu : Pyrimidines -y 

■(cmj^ajIa\a T <u 4 £>Thymine (jj^ijjj^AiUdu t aja C <u <tS) Cytosine jruu/^uiuu 









JL j 
tfiV c „ ' % 








NR, 
M 



A 


T 


jl£dj4£jtj<J 4j\iyjJ\.jLi 4liiu 

j4J& ^4 -j14^Ij4J 4^ J jS ^nm Erwill ChclFgclff cJl^jLui ^Jjjru ^LjIj \ M *\ ^JLuu 4J 

(£J4^uj lA*$j4Jb c(T)(jjjULjLu# ^J4-u» 44 4 jLui^44 jGjLA (A)(jj\44J4S (£J4 *aj Ij4 DNA ^^4 Jj4^ 

IJ^/&44 JJ4^4J j 1^4-jjoa. j^/u U 4jlAj 4^ djdJj^4Jjj c(C)j^J^Luu ^J4dUi ^4^4j 44 4jLui&Lt jGjlA (G)j£4l^ 

0l^4liu jjj 4 j ij^a»44 ^LuiLk UjjIj c Ql J ^^jLuuL ^ 4*44 jj <• jj$J O 

ciajDNA j4a 4j "oibj 451 4j4jLuul> j 4^ : Base-paring rules ^3443^44 • 

c I Jh 4 j 4 jl 6 Ij 4 ^ 4 ^ 4 »jrwA 4 j 4 J ( T)jtla 4 Ll 4 jj 4_^4J O j tfrJ (Cxj/Luu 44 $J)C >Jjy lj^ 44 dj£A 4 j 4J (A) jrUiJ J 4 _j 4 oijo 4 A 
. ,? l j4j4jLdl j4j ^4^djr^alij4J (C)jruxi^L Luu J 4 S 4 J (CxJyv-uu4 j <>J)O u<>J Cj jjy I J^ 44 d»jr^lij4J (G) jrulJ j4A 


. C = G 




T — A 1 mi j 


@ 


onjuascoi ChranetAK I 
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:TAAG : ATTC /o 

CGAA : TGCG -o AAAT : TTTTG -) 

AGAT : TCGG -a CAGG : GTCC - s 

T—26% , A—20% , G=23% , :o- ^ dijdjd j3jJ ^3 134j 3 jrkjyu g 4313 ^dj3j j 4343 /o 

I43uj3 43jLi .*43 4J^ Ojj43dJjdJ dj4^1j. >4J Ij4j cC— 21 /0 

d g DNA —o 43 jj^ ^^juJ jjj DNA — i 

4j rRNA -j <4 mRNA 

jld«U 4J 43 djj4c*. 4 , tjMIjS j4_j (gJ<Luj ^dj_Jj 4 -jG cQ.ji /. V 4 d3jdjd jljj DNA 4-1 jr^oLuu ^dj3j j4^43 /cJ 

<U4A Ijj DNA 

7.1 4 -j 7N*-£ 7Y 4 = v 7.Y 4 ~i 

4^djdjlIj3 ^4 jLo 4J j*l3 j4jlo1j4j ^jK.Ij ft 43 jj /cJ 

j-> Jj Ajjru O —) 


NH, 

N ^ "-I'H 


^KX xCH 

fV v r' 

° Mi 


f43 lj “J 

4-1 d4_J ^£j343u jl 34J (jfu4jjli& ^Jj4j 4j jJ/Luu4jdJ d«U J4^4J d<U DNA (^34-Jdj£a3j ^1 jJjJ4j jl3djj GJ^i^j^ /o 

: j j 3dG jjJ3j^3 

0^4 IjjIj J4j ^dd^Gjj.K jo j43 ^jo^jjuG ^3l3 —) 
Cu4 Ijjl jj J4j ^dJjGjjK jo j4j ^j3<Luu ~O 
£u J Ijjl jj J4j ^dJjGjjK jo j4j ^jGluujI ^£4J4^j3 “£ 
4j!aj43dj4jLo!j4j djj\A3j 4J ^dJjGjjKjo j4j ^3llojl ^4J4^j3 — J 

dj3< * dJj<3 j4j ^3 13d J-}Gjj.Kjo ^djloj 431 j 43 t£jJu4Jb ^n^jjuG ^^313 12 DNA ^3ljj4.^ 4J j4^4j /cj 

18-j 12 -£ 6- v 24-) 

A=2 0.4 ) :Oij 4jdjofu ^4 j jlj3^jjGj ^3jiu43 ^DNA ^ (34 4 \i ^ jju G 4313 4 J 434jj 4.A JJ ^ J4dUU ^£djJj j4^43 /cJ 
Vq..- dJ j34a ^34.3j Jj ajjtu jj (j(3434jjo ^6 j3j *uG ( , T = 20.1 } G = 19.9 , C = 19.6 


1 : N —J 


' :r “E 


r:\-v 


> : \ -| 


4J 4ju3j 4 djld43 ^4 -j 7Y 4 j43 431 j 4.5I (jl 3- (g DNA (£ 7V 4 (. jt3j J4j j jtloL uu 4.J 4^4-»j4J& la^.j^djj 4J j4^4j / O 

(jZjut\j ^j4^4j4j (jr c ))—J jtouj3jLuu _ ^ J-Luuljjj — o jrul“) 

14-1 jruLjjj jl^43jJjAijJ j j1^43jjj, /o 

j4j& 1 jj 13<>jjGj-JL^j-G 4J 43 j 134313 — o j4-A 1 j3134j\j44j 4diij34j 43 jl343i3 —) 

DNA 4J dj43j^dJ ^libuuji ^4J4 -oj 3 43 jJ j43 — J DNA j43 4J 4313djlj3jjGJ d JJA. (£jG — ^ 
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cl 












































4J ddo jjjd ^DNA Jj4-^j4J& 4Soj^ c jljjJjlo 4joj jjjJ.Vtft jjJ :Cojjj^£J DNA jjjJjoAjj J 4j ■ 

.4->4^4j1frj4o 4j DNA 4J j^4d j4j ^(<^<bDNA dJj4^ jja<A 4dl£dJ 4i) ^jl£d>j£ajj 


IjjjjjOjoAjjJ ^LjjjJ 4J <jl£*jljjjj 

jLuu4j jL*i d4o$j£ajj 4 ^Lj jjm tn jjJ ^jl jjjjJ, Vvft jj J ^jIojjjJ 4J cl JjDNA jjjJ VtA jj J ^jI£4J 
^jIojjjJ ^4l^oI jG <j4jIj4ooj 4o jo ^4-Sdjr^Jj 4.SG ^jj jm.j j ijjJ ^ U4o cOljjdJ jjjd J.Vt ft jj J ^lojjjJ <^4 Jjja. 
DNA (£6j4jLuj4U j4oV4J 4-S cpAi&J Ijo4j 4-£$jjd Jj4j djld d jrcoij 4J jj145* ( j!j4-o4j coljjdJ jjjdJ.Afl jj J 

. d j4jLj^/Luu4ddJ d j4£oj (jjjlj4d4d 4^dJ d j4iij£dJjJ 4 j( Vtl4^ j4j DNA LigclSC 


9. 


ur*i>JdJ 

DNA jjjjIIa jjj <u (ji£<d«u 

4J<U6 d<t_> l(j‘>4 1 (_£4_£_ijj <l£ dLtj^A. <Li iQjJ4A<U Jjj jjj ji»<U ^jLuuIj t DNA ^jjjj'nft jj J ^jl B 

jo d j4oj j4^dJ <j4^d jl^jifc jo4_d4j .olJ*Jjjj Jl£d Jo Gji.Kjo 4o jja. 4J do jLlLo j 4_A ,oJj£jloj ,ol£4d 
4J cuGdJ IjoDNA jjj JoO& jjJ 4J <jjlj^i4j j4J lo^ 4ojjj4j j4o 4^i jow cDNA j4oJ4j 

l5 -jI£4J j4_^4j 4oJOJJ . jl£dJ4A jja4_A ^jJ jJ^f 4o oV 1 mi»jJ 4A j 4o4Jb ^dLjLy^U ^iloji I Jol£ 

DNA ^dj4-oJ4 j ^ojido <>j4o c jtojLjuu 1 j4jj/oo4jj jtouujIoLuu ^4— SdJ jtujJ<Lj I Jojjj jld-ft jj J 

4o ^dj4ojjjS cjjdljSjlO j 4J4A4j 4-£ ^4jo iojuLu j4j ,oJjjV 4j <jojj4j c4^4J4A ^dj4jJ j£juoIj 4j COddJlj 

. jrO-J Luu 

^ Jo4jjJj I j4o olid ^j4duudjlA. ^-dl jld4i DNA jidj4oJ4d ( Obijj4o j I Jo jjj ^DNA 4J 4J4A jjj Lfc j4^4j ■ 
4-^4jDNA ^jIj4o JoGjjKjjj ^Jo4jjJj j jo4o4j c^dJ jIjLa. 4^6jjjlLojjJ djG 4 jDNA 

Mutation oiJjU cojj^j ^ 4^ 

jjd uj jldiu j ^dlodi |j<>JjLo djJ- j4A c^^jjJuL^uojjJ 4-J4A 4-J 4■ ^ B 

Couu,Jjj IJloj ^ilJjlo j ji4o4^<>J DNA 4o jloj jj^4J jjjLa ^j4-oj4j^j 

4J 4ao4djj»do ^-oj^4j ^j_A 4ooj 4o4jIj 4J 4oGIJjb j4J dbjo4 A 4-£ c j4^^J 

. QuOJ ^4 aj4jjoo :ddj .jdjdJoj ^o4J ^j1^4jI^ 





fe 
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j DNA 

<LJ l) > >4 i A 4 -j4jI j4J ^4—J a a ^(J<Lj c&jJ^JLj DNA ■ ii A J £Jb44«^j4A 

^£jL£jA 4dJ^j 4_S ^4 -jIJjL j4-j ^jJj£i( unn«i^J ^£4 ^Jj 4J ( jiL>j4_j i V>4 jj A/m 4 j,..«o^a4j itnnn>»J 

IJ4jIV j^Jui<Ulj ^4 r uJ^,- j<Luu4j 0<4I^J 4^ O AfrJ 4 j^GaJ^ j4j jZ 4f> ^4 jI Jjb j4j !4j jajjj c4£4^u2uj^4j 

.Tumor jjj (jlJ&jjA *^juijjyuuU ^4444 iv. 4 J<uj 2 ^ jj.*a< <>jjj 4 jlA*j 


djdjdJj^jJ 4 a4j 4jliiidUjlj . 4dbu4J 4J ddj CujJd^lJ ^jjljjyLUp^d 4 j j!^4jIa4 i 4J jljjb /u 

.d j4^JjjIj^6J 4jUj£jUjj jdJdJJJJ jl£44Lk 4*t \,a4^ 4J ^4jI Jjb j4j 4£j£^ 

:<£ 4j4a-j^j4j j4j DNA j4aJ4_> j 

lu^^J 0<4ijjJ I J4^dJ j4j >j0 dj^Vij 4J 4^ <>j4jI£<>Jj_> 4jGll14£ j4j —) 
^J<>j4jj ^^4-idjr^Vij j4A Jj Ol£*J JLj j 4^jl j4j “O 

4j4A (Jj Luu^la* — J7 

(jiuj Ilj <>j4^4j44 (£ C O) “ J 

DNA j4A 4 £Lj tjlj^Jjlj <>^-aj jjj jjJ :cAj4DNA jjjJnA jjJ 4j /o 

Cuj 4£$J Cu-udJ dj4^4 ilfr j4jlj 6jr^alij jj J 4J ^£dd4j — I 

Ojj4£*Jj4j jjJ -o 

J C£i^ DNA 4J 4J4£aj d4jdj^alij j4A — £ 

(4ajjj j j££)4J4£u U^-H d4j*j4V*j “ J 

:4^djr^j JJ^j4A IjDNA ^j^jJjoAjjJ 4J /o 

Cm-ujjJ jj^dJoAjjJ ^4 juujIjU (jla4A 4 j -) 

QyUO^jJ (j tl4^ ^4 44 O 
£)4$J Q<«JjJ ^\^4 j ^4 Juuul jIj (jLo4A4j ^ 
QyUO^jJ jljLuife ^4 tnJjb ^^J4 j J 




Cm Vij^U j4jloIj4j 4jljj j4^4J djdjl ^4 jU 4J ^l£,/ o 

44 Cm^^JjIj (C) ^juu 4j jIj^LajA ^4j 1^ A —) 
C*lidJ O-uujjJ (A) ^jljj 4j ^4ajU4J “O 

4 J 4 ^jjj^. (B) ^jLij 4 j jIj^IajA ^ 4 jL^Aj ~^ 
cAj jruaJ 4 j jb jrul ^ (T) ^^jli.j 4 j jIj^LajA ^ 4 jI^A —J 
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■ 1J mIjjj ^jjjjuuuJ jJ 4J oVnOJ jl jIja. RNA 4J djjjA. j4J& c j4J& RNA ^Sdj4duu IojI£4j 1^ <tl 

^jUj* ^ jjjjijidjjj j ^jr^j dG RNA : Messenger RNA(mRNA) jijjjJii tf RNA ><l£4u 

. Aj^L> JJJ La> 4J j l^<LdJdUJjJJIj JJ djG jlj ^ DNA 4J 4jl£4«ijljjlj 6jlojJ (JdJ^JJuuul J^ 

c<lu^ <> jj m j <Lu^jrajj dL j RNA :Ribosomal RNA(rRNA) ^RNA :^*jjj 

. j 1^4 *t jl jjJ ^Qjbg^Ub j4j 4J j4£$JJjljyuu4j .4 jL^. jIj4J j^j Ioj4j 4£ c j 1^4 j jduu jjj 1j ^4 j ljS> j j 4J 4Sjmi4j 

jj<l114j V j^u j <Ly^jr^j du RNA ^Transfer RNAftRNA ^RNA ^<uLui 

. j 1^4t C\ JjJ ^J Jj£JuuujjJ jj jl£4jjduujjjlj jj 4jI£4jjja4j 4yuujJ (gb j4jlLuuIj^ ^jloji c4jj6jLo4^ 



jmouiiL 

mRNA rRNA tRNA 


Jj4» Uj^j<U<ll 

j-J jJjJJJ&<> Jj 1^4 -j jj^>j)DNA ^LSdjIj^jjbJ 4 ■ i\ Ajj ^l^^jbjlj djLdjj I JDj4-jjj^j4j4J 4J 

jIj4J j 1^4jI jdjwL^uu cJjLj 4J ^1)4—> cOlJ^J jjj cJjLj j!j 4-J jl£4jjS4jLduulj djLj 4.J jfufljlJj-£ j4-J cRNA ^j1\ i^4J&j4j 

. 01 JdJj jj ^j^U jjj Luj 
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ffBbllKmwr 

: |Ahmn rn^dl 




6j4j 4-1 j L^m4J& 

:4j 4J& <>jdjl^<GU<b ^juuujjIj DNA j4jGj^j4j4J 

^jQIajI^wLj 4_a Cm :Luu*J<u <l£ j^j 4-mL^ :RNA Polymerase RNA • 

.d» j4jmj£j4j 4.J ^jlJj£ 4J RNA Ijgfra4 Aj4j jj cjJ13 jj&bj DNA 

^RNA j<uJ4j ^amjG<g <£ cDNA 4j jajGj)iK jjl* j ^jj 4 jj.jj :Promoter d uLui^j * 

. (<C><>jjJ dj4juj^j<U4J <ii <u<QjjdC< j<Lj : Glj) . £^4olI >Sj4^4J JUUmu6 J jjj Cu < /uai4j&J 6^-ij 

<l* cDNA <u :Termination signal ^GJ£ Lr i^i • 

. (CxJ JGJ)^4 t djjJ 4j4jLijdui j4j • Glj) .uGdJJjLj DNA. 4J jl^JjLj 11 AjJ 


J dl1,1,1 41 


! dJdjl ja. ^4jIo4J jtGjjj 4^ i6jl^l4 A ^-uu 4 j ^1xjuj^_lj d j4jjj^j4j4J ^gj\ Jji 

£J jjjjdut ^ CmDNA 4J jI^JjLJ jjjjdC 4-i RNA \ 

.DNA jjJj4A Lja J4j4J 4j QmfrJ jlutlj 

4J c1j£4_j j-f RNA tGjji^^G ^JLjj 4_j QmjLuu 6JJ4A (RNA j£dj4_aJ4j (> yj^jj4-j)fkj^j4j jta4_A ~Y 

.RNA :£jmjj^ 6J 4j£ Cmu$JIjm4j t y£4j$jrtaMj (ji4*4j cDNA 
t^jGb Gj^uu 4jI^&J jj£G RNA ^ JjiLjuuujjJ 4J oAj^J ^1 j£Jj4j RNA j£<>j4jJ4j — Y 

. C)l£dJ lJd j4j 4^d j^j!jj4j 4jRN A djrtaMj jd> j4jA^JLa ^DNA 4J jLuub 


KJIA ^ d^i 3j R_NA 

J DMA aU^j*4i kjAl .b DNA. ^ 1 1 1|^y jp 

^U^-5- ftJMA ir*^ 




aj ■ fi.j" - * * UNA jVMkk* 1 

^tail ^ bjijfitjLaJ 

J*J j ijAiSjiiiJ DNA fkji **j i*>/J 
V^t# ■< j ? 


«v 


t w*m 

^jUjLy - , 

UNA 

U N A J / /.' 



\v#V 

llm 


jl£djl£jjl j4-j 4.141 IJJ44-1 jj^4j DNA AjjJ ^jlJj_£ ijLb cIj ^jljto4J 

IjDNA djrtajjj 4-J ji^4.,.l4l ^J—j4j^Jj j<L_^4j <Lm JAJJJ L(j£/L-juj4j&J <>j4—£4j<U j 1^4 —141 j CjIJ dJjjj 
• Cjmj UAGCUG Cj^u^J 4£$jjjla-»4j 4 -jRNA 4J jL^4JlAj Ij4j cCm^ ATCGAC 


.DNA jja<LA 4J d<G (.CjIJ^J jjj (dlSjJbjj)jij^JjjjJ C -.S4_»4^jG 4J L^j4.j ^j|jj£ 

• Cjmm tRNA q G FRNA jG mRNA cQmm^J)J->4-> ^ j4G1j^j4j4J ^^A4j ^RNA j4j 
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UliliMiTR 


mRNA j4J jj d4^ oVn^J 4 jGJjJ}£ <>jJ j4j c^J ^4jLo 4J ^l£ /o 

(CUC AAG UGC UUC) 

GAG TTC ACG AAG - v GAG UUCACGAAG -) 

CUU CGU GAA CUC -j CUC GAA CGU CUU - c 

djLj dly i -i djrualij 4-i jd j4-*Gi&JLia. 6jd RNA ^Jj4_^ 4J ^ ><Lj ^_2uja Jj^l jdj ^jI£ 4J /o 

:dL£i£ u^J&J d ^jjJUuuyjjJ 

oj^j omRNA rRNA —) 

cA >&j o jja. mRNA jjwL^4j tRNA $jj —o 

jLLujdj _ £ 

~ UdJ CxJjaa<>J 4 jLuuoj 4.jIa. djlodJ ^Jj4j ^djrwaaj — J 

4oij. a 4J d4j£ <>j-S ^4-J ^0^o4Jb j4j >jj21Aj\£<L± - l[ I i ! _ 4 _jJj4_T>jj ^4J /o 

c UAC = jruodu J^j G i o c^f\ i n4 P t ^ AjJ cc< t ij jj G) * 1^4 —\j \ja44 

.UGC =(jr u^uuuj c AUA= (i ^uJi>i^ c GAU = diijiiLu4j jdbup c CCA= 

AUG GGU CUA UAU ACG - v ATG GGT CTA TAT ACG -) 

ATT GGG CTT TAA ACA - j GCA AAC TCG CGC GTA - g 

?4_»4J4A ^4ala4J aL£ /o 

** v ** * * 

mRNA Jj^4juuu IJ Ij 4j 4-ajjjj.j I Vt $ a4.Aj4j ^jl — I 

OjJ Gj^<y ^£4 jLuujj 4J j O n<>j dboju <*sj ^jjjji4j —o 

I Jj l£ jU4J& 4J £)4 £j jl( Mjl&jbj mRNA jld4-Ajj dLxojduujJijIj Jjja. 4j4jIj 4J — r- 

IjLu RNA ^4^4j^dj4dbu jdu/j4Jb J 

4jj w 6jdjl^£4 jLo 4J d >4 /o 

Ol£*J ^£4 Jj4j 4SLjJ ^£LjjjJ^£ 4^ Ol£j ^JlLs4j jta4J& ^4 Jj4j 4j4jI j 4J — o C*jj£Aj JjGjjK^jj ^jjj 4J —) 

ul^j ^jLj ^.Vtrt4j Cl4j ^4 Jj4j 4j4jIj4J — J A ^RNA ^ Jj4^ —^ 

dj J ^4-J ^ i tt 4_J cQbJ^^^J.l4 A (jruj ii.mu bj}4 ^j<Luj 4J 4^ tRNA ^4dbup4^jlj j4j /u 

Cx. djdjl^4 jGj 

AUC-j UAC UAG-o AUG-f 

Vc,-^>J 6>>^ tRNA 4J ^4 jG c(TACATT) 4J ^« Y * * 4*4 *DNA j j4^4j /o 

>> j&j&J 11 <Lo4j 4j LuuuujIj VG Cjjlu^j J ^julo4j >u)^j J 4J cJL> J> >4 /o 

T = 42.1 ; ) :o jt j )j ^4-i cloS^jjj 4_1 jljru^jdj ^J4-xxi 4a ^l£dG joJ^joj <U <L^4jj4A j4_^4a /o 

4 11 IA jfJ j4J 4-^ u. u^J J >4 ■ 4a HI RNA dJj4-^ ^4_J (J i.< nljj^g ^ J4_duu 4_a Ij . ( C —■ 8.1 ; A—41.9 , G — 7.9 

. dj4a<>jljr^j4a4J 
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jej*m 


j j \£<lojjojjajj& : \-\ tjZj<& 

O tjjljj Cuubi^JJ ><Lal£4jd^La^j >■!i* ^^j<Ujyuflj£ |^»i ii^Jj<U DNA 4^ O i n\ >L^>J jULIj ^1 jjJ 

j4-jljLdU^J ?frj4 VtjafrJ jj-,^ jI£4_i$jUjj 4j m>ja4j j jLS4^djUjj 4j4iu <<i ?d j4jlijjI jjAi 4 jL$jUjj d>jl£jJb 

Francis jJjljS J<n inMji £4di^4J ^4 jI jKj ^ ^j^^LuuJj4j c5 -<Ir^.4j j^QjjjJ ^1 jj J <Gj4^ 4 jIjL_-uuj-> j4_j 

. tf 4^4iCL-w j Collins 

^xVt: Cystic fibrosis(CF) ^->4ji j,Kj,^ ■ 

j dJjL_o j4_^ jjjjZ ^a\^j4— j 4-J Qj.ifrJld— j4j c<L_>Io£J 

dj4-A j 4_JJp^j J Lj ^1^4-^a. jU4_J 

.Cut^J (jlJ4 i it Ij<U |^-n>JJ 45fc4«<«4^ ^ (jJj—^&j|j 4—*U^jpw ^j4—J ^pu<L- o <L i 

.V djUj j^ydU^dji^ 4duu4-l j4duu4j (CFTR)djJj4j jU>4J 



LjfJ-jl I ^JT r 



J l^<U^uwj-o 

V 

4 —i ilit—4 *j &j j^ 4 ^ ^ 4 — 5 ^ 4 1 ^ 4 ^ 4 ^li t —< 4 i j Jeff Pinard jj^uj * * Liij 

. C)l JdJjjjj ^j4jI jJL^< ^ j^jJLi!uj4j (Jj^ 4^ j4_j j4^uu4J Jj^<>j4JuJj)Sj I 

• d j4jjjJj 4 -u£iJ^4j j4j ^Jj^IuujjJ 4J l ^u^Jj4j jLjjIjj (£*j4j ^IjjJ <j^*j4j 


9jj_a 4J jLaj4jI J.KJ.^. ijjjJ LuulJj4j t ^utr^4j 4J (Jju^Jj4_j 4^ (Jju4_£ ^L&Li JjLViji ^4^49 H.m <>Jj4^wj4A 

jdiiUjJ ^jI£^j 4 \jljSjl u<LuG<y Cj-J ^1jdjdJ-ijj j4-uu4l ^djLdJ^ ^<>j4 \jljfr5LJ dLd4-oJ}£ jl j4j (jfuLJ_» ^U4-> . JJ^_)JL J 

.^4jlcujj ^^J4u4 4j cDrosophila melanogaster ^ jduixa j4axi 4J Thomas Morgan $i£^ 


^Vui j4uu4J j-uUjj ^dj4jujy^ll 

^uu 4-S C4-J4A Lvi a l *j4duu 

^U4-a oJJ-J d4-J J J<L ^ J 4jU^-^>dJ^ J4J CijjA 

djjyA.4j c jljtjA. ( 5 > /^4 j4J I Jfijluu j djb43 (5 JJj4J 

jLiAj Gutv ^) Jj£& d (JAJ+JJJAJJ& JJJ 4J O Lb^jS I J4 |J4> 4J 
— ^ 4-J 0\ < , t Ij^j-Aj 4—J ^ a J 1 J ^ JJ) ^U4—-A c(X (j-AJ— ittJAJjZ jjJ 

I” ^ v v 



s 




■ <AA JJ 4j LaJdUUJj£ JjJ J<*J Gn t J C > .(Y 
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II 1,1 (< IIII 

II > 1 II >1 It IIII 

« 7 S 9 10 11 12 

II II II II II II 

13 14 15 16 17 16 

II It •• II 1 > 

10 20 21 22 | |X I V| 






(j l£>4^ jpduj^a ■ ' 4dL-4J j (j 4 

V V 

j 4 __. Sex chromosomes • 

<Lj £)<L±jG ^1£<UllAjj <L& j4jU j^ujjajjS 

j X Chromosomes X 

Y Chromosomes Y 

:Autosomes chromosomes <ui<u • 

4jAiUuLU 4—1 U<LajG 4-fi 

a t tj j7i4,I ^4 1^4-q j) - << i^4j[^ ^j)rt4-ifl> i4—d J,il (jLu 1^4-x—uu4j 

. Y j X 4J 4.lLft* d j4jlJj^£J 


i IJ4-dJ(j4-J j dLuuJ^o U4_» c XY c XX 4 114 •(j4jO^JuIi ^4j 4J (j lS>4-4 i ^duu^Q^ 4 B 

■ 4_u ^ Gla^uuJ^ 4 4AjJ (j7i juuuLo dj Ji>4iA ^ ^^j4Jbi .XY <ul« c XX 

** ** V ** *♦* V * **** ** 

^j 4 —J d<>^ i(j^^&J-l 4 A j 7 i i « 7 i 4 1 dLi J-i 4 dh c^j 4 -£&JjjG J ^ I^£j 4 < n (j 1 ^ 4 - aJ) < < 4 b 

. ^uuj^4j 4.J jdUU^Jj4.J 4j£ ^4 j^L}J&£J 

d&j <.(j^^£jd4J5 ^j7iuajj ^JLiAj-i dj J i4 A c ^j4^^JhJjGj ^ <7*4 I ^ t4 9 v«<i ^£^4d ^l^d^4duu £) l£4^jduuJ^a4du*4J B 

. jti>4dJ^OjJ-A 4 AAJJ ^Jj^JjGj 4J jdUUj^>j4j ^£4 j^LiA£J j4j 

j djloj <U C>j*><II<U»J C><t»J 4S \J* *'*"■ ,.J... «JL> tljjljdjdjjjj j 3J^a <U 

: AjdjlJA. f<Li . I JjjjI Jj<y ^£-i£G j 4J5 4J J l£4-djduuj-3 j^S 4 jj 

j ij-AbJ QniA «7i4 il J4-a4^ ^jI£ 4_j j1^4-aJ) .,< 4—*i»4j luuijU (j 1 £*Lqj— ujJ^jj,!k 4 ■ aajj b 

j4_A 4_j4_jIj4J I J,,«o4 4>4j ^LaIi4.^4J .(4 ^ lj A j jj3)ji^4 1^414^ jLj 6j<GjjjI^ 6J jiajtuilj c<>j4Ju<>JL ^ ( ^ > /^4-j4J 

jj£ jU X jL» : Glj) cCAJj^jdj ^^UUJ-OJ^ 4_A^.JJ d<u 1444! jLujd4_i ^j4^4j 4j dj jj3 

. j X d<U i^J^G d4-t4^« : 'y5 j4J& ^ U4di C (Y 

■ N : \ : Glj) Ob4J^J jLuu&U j Jj4j 4<UJo4J5 C 4414 I<< 1 J <<1 ^4j JfUdU<U C><uJ 4 j b 

4-^G Ilj4_J cO^I J-ll ^X <L& ddjjl 4 _j O^jJOJl^u 4_jI J-d X jj£ 4J^ d4..j4 < \,lj A j4-^4-j B 

4-4 O^jjojL^u 4X4^ lj,A j4-^4j ^J4j (^)4jj^> ^j4^dj ( j!j4-o4j .Cxjj^J XX ^ajjuujajjZ jjJ 4^djjjljjO 

jd4„dC .Q.ltOJ XY J 4-^dj^jlJ j 4-> 4-^G l^4d cQjliIjjlI ^Y 4^ dd^^J 

.a^uoj (j^)d^ 

*» * t j 


« •» 


XY 


XX 


XY 


XX 


XY 


XX 
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433j-A. c^jJ* ^3 Jj3-»jLj J 4—1 4^j3$j4_idU ( ^_4dUj^j<U Y j_J ^3l3<>j<>Jjru- uu djdjdJ-JkJj j Ijj—d 4_J ■ 

. SRY j Jj3-ijG J ^43 4jlj-G 

: Sex-determining Region Y(SRY Genes) SRY • 

SK\ .>^>4 

4-J 4 ^ Jj3«ijL_i J c£j_3j 4_J Y j4-dUi4J (434 j4^,j Q)4,$L1,1aAjj 

jjJ j4_A 4J Ij 4_£ cl VmIj^j ^j^jlLuujjJ ^j3j3|Jj4-uj4j Cj mfrJ ^<t33j4j ( jfuL>j4j cl j3J^o 
^0 ^0 . jj3 jj J 4 jl_u j j43j 4jIi 43 ul£dJ 4J<UjJ^3 ^3134 jlJjj 4AA 

j-J d4_i<> j4j Jj 3.4JG ^j|jb^lali4j 4 _j LuJ4 A j4-J 13 c jj_j ^1 jdJj4_j ^u<la j4^uu4J ^j(3*j4_jJ j3-*iG 4J 

. j l^4^jjuuj-dj4duu4j j 134 hftjfrj ^jJj3^jL*J 

^ i Vta j4-uu4J j-uUjj ^*j4jJj3_i3G 

(jbj^LA ij&julujla lj 4^4J ^ j m jL*. jljV>4 1 cLY> j^j3jja, ^j1j_oIa34j 4j lud4A ■ 

4-3 Gljb->lj j^i4^4j .(JJJ-A jj^dUU jL*. jLjj-d4_A FI ffc4-£<4 ^3t3$jjjlaj4j 43G CjJjuu jL*. ^4_G.o 

. iii ii ^Lak. ^j4duu4j 4Jlj ^3»G4A in in ii jj4i ii n 

^3l3d j^jI d-i4j 4-3G ^Ju,t c^434j ^4^dj ^3l3dj^il Jj< j 4jja j4>j3j jIj3j4J I J^1^2a4j ^j3 ^AVt^ j3jja jLuuU b 

<_^uu jla. (jb«GlJ d«U J Jjyu* jla. (jbAjl J v tr «< F2 

jCa. (jJ<< ij . n ) j<UdU«U <Ulj 1 3*^J '^^J 11 1 jCa. ^IiAjuuj 4£ Oj^SjdJ (_£^J (jLSj^a t»jdj<Uu ^djlo^jj jjJ j»4j " 

&j^j|j-44_> 43 G ^j)i>4nft 43 ^^j<>j4j (j7iiSlj ^j4^13j^o ^d^4j ^U4i cd»^j^4j ^X u4<i Juuu 43 ^Jun 

^j44j III ^jIj3 j4j G ccj13j j3Gj j4jJ j3-i3G 43 IjjIa ^jt3jj-d (j!li4a4j .Jjjj J 1 I 4 ^j4^dj j134jjiii 

.*j4j^jjJj jI > /Luu4j ^jj4j 






X H V 

X“ Y 



1 Fr? 


J 7 


x' « « 


X*X*? X*Ysf 


x ! x ; V VK A, 
F » S x'x 7 ? X’YJ 


V Y 

X* « « 

X"V? XV. 

X*X* v w v 

i 1 ? \‘\ ■ X X 
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±AlSj 


X s u 

> l II l 

i___i 

» *i| G *y« «u <; . 
l 'II l 'll L 'il L 


J 1£a jjajj4j j La 4 lj Ajj j jj ajaa * j<tuu4J jlSjja jduUjj ^aj<l> JjSjJ G 

ji<4_J ^£Aj_j^ i mha jlI j~a44_J cLIjjjjGjj^jw ^jld_61^2*44 4 _j L<ul4A jL^ jja u 

Cj>jJ-& JLj j ( jidj jfu4J ^4-iL»J Lj J4_^4J GGLL j-JjJ jLi j ^-<uVo4Jja 

^ Mijfl4jj^. ji4j JLjj^4J& FI ^4j^A j (^jI^AjjjI J^4j 4£G .ggll 

<J4 


K g Hlld 

l 'II l 

1 —f— 1 

GIJG gl •( r g| JG gl Ig jljL jjJj<U* 4J 4* j<La^AJ ^4 j4jIJ Jj<L* J<^4J). jJJJ C>jj£ JL ^Aj J jJj J 

n it n ft 


t^4-^4-» ^£4_^Aj ^jI£ 4^G jl jj*)4J I J_jL^L>4j ^4-^jJ jj-JJjja. jLuuL 

JU ^ -i Vxx d^ ^ : V *-} F2 j*A jj J ^£4_^Aj ^jI£ajjjIj^j4j4£G 

jljtj jjJj4-A 4J 4^ j4a£aJ ^^<Lj4jIJ Jj4^ J4^4J). jJJJ Ojj£ JL j!u 4J j ^JjJ 

(ggLl jjj^ 24j J l)G j jidj ji4J jL Ggll JL j ^<A , fl 4Jja. Llj ‘ jjj^jIjLa. 


J Lj j (j2u4-J ^* iA j ^j 4AJu<i jjJj4-A 4^ ^£Aj 4^ j-i AjAjGlj4J2 ^£AjAj4-idj ^4«a 1 a> 4 ? tj^J j4j ^£jA jLSjja B 

Aj4-^4j4j 4_»jf c4 ,,44 a^AJ jjj jL_jjIU s2u ^j|jjL-J AjLd^J j ^j ,,,<<ij.ajj£ jLo4_A j4—uj 4__Jj4^AJ J LG 1^4,,,ljAjJ 
. Cx^JAJ|Jj4j Aj4Jyjj4j ^jI J4jjj ^jLj4J 4£ . £ l£ A *G Ajj4j j Lb 4J IaAjj : GjG ^m»4 o4j c Aj4GjjjIj^AJ 

jJ 1^4-1 J L)4—A j4^lu 4^j4^dJ 4_£ j4j I Llllkcd g6116S jI^^J h ji^jj4jjLa <UUA^i ® 

. IJAjj^ n 4J Jb ^^JjJ j ( ji4J ^j!^4 JLa^J dAj. Aj4jLjjIj^AJ Aj4^j4j I Jjjj ><^i4j! J4-o4-^ 

^ajU4J ^4 DNA 4^jL ^aj4jl;j^ : Crossing-over • 

j ^jG ^ G Aj-i J-j4j d4G j1^4JLJ4j j4G jjjjjy AjLjjJ ^j-A 4 jLuAJ c Jj^jui4jl J4-o4^ ^^4^4-t ^£Gj3 


»l°lil 




¥ 

J^jlki-jAj 


fi j J. \- ijA j 


J. J j-iijj ^ L t j j -W. 

•■* 


j jidj ,j-«lJ GGLL tJ 1 -* J Lt -^L.a<d^a. 4_l i j&jljmjla (jl^j 

jd_J (jLuiL (JLj j ^ injrtdj^a. ,ji<U FI fk<L^<U j^jlJ-I<U <L^C b% ‘ ggll ^ 

If&tj j l)Ij tf <ila<ujp. Sj> dj \ : X <4 F2 Ijjoj (jb^ AjlSU 

j ji4J ^Aj ^JL-Aj_a jjJj4_A ^GIjJ j4^4j cAjAjAJ i^j 1 4-d4j ^jIjAjUjj ^jI£Lo4Gj 4j j*juj<U CjuU 4j . JL 

Ol JLjjj jLulJ^ ij4J Aj4Gjj4j j ^jdUJj^jjS jU4A j4-uu 4 jj4^AJ JL ^jJjJ 
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(GGLL^jjj Jb 


Jb 

(ggll) 



GL 

GL 

gl 

GgLl 

GgLl 

gl 

GgLl 

GgLl 


JG J (J^Aj X Jb J <j£4J (P) 

(l£*j£<U) (l£*j£<U) 

V ** V ** 

ggll GGLL 

4 GgLl :C>4jbdjlo£j (FI) 

^Jjj Jb ( ji<Ll (J&JJL 6 ^jjjjJLA i :C) 4 jb <>jlmVjj 

^jjJ Jb <ji<Ll */.\ ♦ ♦ &*j+j 

***** V * ** V 

^Jjj J b ^ jjjk Jua^JjA ^jdU<L) X Jb j ^<7i >^jdU<U 

(eSajjjJ) (.Jdjjjj) 

GgLl GgLl 

(GgLl) Jb j Lr *ibui<Uj^. (ji<U 


Jb j ^ yAALxa ^J^a. 

(GgLl) 



GL 

Gl 

gL 

gl 

GL 

GGLL 

GGL1 

GgLL 

GgLl 

Gl 

GGL1 

GG11 

GgLl 

Ggll 

gL 

GgLL 

GgLl 

ggLL 

ggLl 

gl 

GgLl 

Ggll 

ggLl 

ggll 


1GGLL , 2GGL1,2GgLL , 4GgLl, 1GG11,2Ggll, lggLL , 2ggLl, lggll :o<ub*jia* (F2) 

Jb |^budj \ c jjjJ Jb jdutdj T c Jb jdULuJ^i T c jjjJ Jb ^utJbO4 -I^a ^ >u4jb djLu^jj 

N : V : V : A 

^<tu»a.«G ^Llj 

.A ^1^4-uUjS <U dj6<l.t tdjOjjJ ^ i nj a ^jl&l <U dj jj<LA jl^j£a j4j ^1 jjJ 

^_> j4_^4j 4J5 Ga^» j<a ^> 4 . i^i ,?.jM,„aj <4 lJ<u Alfred H. Sturtevant c»adj 

■ i7i-wd i jjj LujfclJ ^jjl^alj jli4a4^ 

fj^u/^aj^ j<L^aj ^: Chromosome map ^<uia.<a • 

■ OlJdJ (jl i?i u 
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■ DNA IJ& (jL> >.’tjij tiji is<>u <Giu (_£ <u : Mutation yijji • 

. jlJjb ^>oLad4j 4J Jj<Lj ^j4jI LuulJj4j ^iijk4b 


k ^4jljlk j4j jlJjb 

ijjikaik 41x0k 4 j k ^<aijjL j<g : Germ-cell mutation ^ikaik <*jjijjj <u oUjL 

• £j4ju>jjI^U4j ^4-uj 4^L£Gjk 4 jIJjIj ^4j . (4^ 1 JlA ^ 

jik ^ikibik 4^i4j <u k 4_t4jijjL jk :Somatic-cell mutation o^tk <ui4i 4j -Y 

. jk4^b.<>j jj d j 4 jlJjjI ^U<U k$j<>j£jk»J j4duu 4d 1£<>J 

jLj4^JjI^ jlJjL 

j jijjuLup4^ jjj ^-<7<^a4j jjjj4^j^j 4..IU&J 4k 4j4j|jjb j4j i Lethal mutation jijjL \ 

. Sjj^o 4J ^j-i^k ^4 ju4j^juu< d<>^ . £) J^o 4d k&J G i4 ao4i^ Julu 

jj4^b Luukjj 4k 4_j4j1JjG j 4 ^ * OIl“letI IUI mutation |j|jjlj Y 

j jLij 4 J &j 4 blo (gJ\-uL> L> J 4 -A j OlJOJjjj IdkdJj dLjjkUb 4 J ^ 4 bl Jjb j 4 _j d<>j .did j-* <S 3 ~* p mi% 4 jJ jjduu 

. jl£kG 4 j OlJ*J 

jGjjk ^^jLuuG (jlJjb 

. jlJjb 4 lxA$o t jlJjb 4 ^ > ^uu^j l ^: 4 j 4 A (JjJ A. jjJ (jl^jG <k J J^ ^^^ 4 j 

jljjG 4-Oj-iaJj^Jjk 

* V 

^4-ki4kl» 4 _j ^jLkdij^ ^ijjjj 4_i 4-»i>,^ : Chromosome mutation o^jL-j • 

:<U 4 A <-(DNA <^Jjk jj^ 4 A)jljkjjGj 

4^jb jLuub t j4.Vn&Jxl j Cukut^J jkj^uujAjjZ ^klxu4j I J-jLG 4k 4 _j4jI Jjli j4_j : Deletion — \ 

. C> n£J jjj 4^djlkdu 

jLkG c aj4klj<>adj j o-k —j ^kkdi4 j ij-jLG 4k 4 _j4jI jjL j4k : Inversion ^ij4kj ~Y 

. ^ 4 XljSdik 4 j ^jl^4Jb Jk 4 J ^ 

c dj4^iidjjj j okdu^j <Djrf ; >s jkuut4j id-ilk 4k 4^4j|jjb j4j ‘Translocation &j^kuii t 

. hk 4 j >■! ^J 4 ^ 4 J k<>jkdo 4 ^j G Luu G 

4j ji^kjjUj ij_jUj 4k 4^4 jIjjL j4d : Nondisjunction »j4G^4jL^ -i 

jL-Jj duuj-djj^ ^lj1ji>4- ^ o4j c qJJ t...<ti4jl J 4— ak ^jl Jj-k ^^jld4_J c»j4 —id jGLa ^4—^GjLA 

. jjl J jL>J ddJ.JjdJ jruak jd ^k4lL.ua4^ j j 
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i ttjj ■ * I ■■ I Jj^ 


Oh*£j *3 





o^^jIjj4j c<lu^jUjj ^<Luiji<Q : Down Syndrome qj\a jLj • 

ji4_^<U t2 1 6jl_dj ^ ^<j1 <Lo^_dUuj-ojj^ j4 _^j^j4jGa. ^^-al Vt4 *t 4d 

jj^4_A (JJ—& J O—IfdJ ^_«j2 1 4—I 4^4—uj4£ 

.47 4joj£J 1^4-djdLUj-d JJ& 


(jlJjL-J 4ljAj-i 

eDNA <aia 4j ^ji^ij^ ^ij jjj 4j 4 -iIj^ :Gene mutation 4 J 1 aJj • 

: 4j4A ^Aj^-uo (Jjja* JjJ 

&4-<}y d4_j ij_;LG 4-S 4 _j4jIjjL j 4_^ : Substitution mutation *^4— -\ 

4Jlu6J cC)I J-jjjj jIj^JjUJ Jj_£ 4J 4jAj4jlIjj^ j4j j4^4j ( j^j4^4j . Aj4jlJj^£ J 4£jJ jju 

. 45fc4 i i iiiii04 P > 4 uIu^j ^^a4A ^jJlJj. j£ ^J^A 

4j jjbj d4^ ia-jLG 4-S 4-^4 jIjjU j<lj> : Frameshift mutation oiJjU 4 -jIj* -v 

j Ol JAJjjj I J4.^4j ijo4j jj^ 4-A 4J jl Ij^S ji4-d4j coJuAJ JLj jL CxAj^J jjj I JjIj^JjG J ^SAlj.Ajj 

! 4j 4A . ^jrui ^jLa^d j4duu4J C) AiAJ O < J jlj Ju«jj4^ ^^4^ tjl^ 

4j aj4Gj^aj ^Lj a^Gj^is^ d4_j : Mislaying mutation oMjU <ljj#jjj -t 

jjLjj jL> ci4_> (tjj* : Insertion mutntion 

. IJ J ijSLjJjlAj j <U dj«Lijj^dJ 


■I * 

:A 


■") 




Oi*» Oi 3 
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J j\>* Lr iaj-a. jk<LS t^yj^jl jkj ^ :^jj4_» j (j-i'd -V 

:cuj»J *^<GIj)\<» jk<Q doS«u <U d4J4^»j ^jbjj . qm&Luj—( j 0 


Cef 


kCC ct. 


oc 


: Bt 3 Cc cc Lh#“ “BjO^ ^BjO 

i 66 i 6 i fiJSl 6*51 iiil 


4-a (jjlJL^g^U c^Jidj c^JdjL-o^J cr -ii^i4j j jl^L-uu<U “V 

: Q V >^J dj<>jl^4 jIjj<^< ^4J diS^U 4 j d<Ll4^6J .(X ^-djyuuj-djj^ 


b 

X Y| 


B B 

XX 


b 

X Yi 


B b B 

Pj^XX XY^ 

<bd 6 ®¥i 46 i 6 64 4664 


h b B B b b 

iXX xy Qt<J xx xy | 


b b 

XX 


j*4.J dj^<L» 4j dd^d J . JJlA. .. t jUjj ^IfiLuu^i cjjLT^ jLjJ : Jlj j jl JLuj<Li ^ ~i 

:Cui&J djdjl ja. ^ 4 jI 


PI 

XYl 


b h 


H b 


B FP 


H b 


rO xx 

xy » 

AXX XY- 

,# xx 

XY Di 

AXX 

xy Qt 


fO&sfTSl fi^Si 


B B 

XX 


J tPj[>dLuUj<U (jj^J J^j<d (jijj jL»£jjJj<U clilft djjLo:I 

‘■JJ-i LS^rtJJ^ J <u 4 £<ia£ Iijjj ls &1a£ 

(» 4 j ^dAA.dj (_jjLajj 4 jIj tajjjAj j<^ 4 j 

j*U<Li c p byu 4^<Uj ^ Lu <d ^<U4J Lbd^j4Jb • ^ ^ d ^4 ^J<GI jJSL < j v LuuJj<U ^2^4 

• O (Cc) JLdJJJj4Jb ^34 jL$jUjj ^jiwLd^U c ( jj^_l4i& jLd jjJ j4J& 431j<d c£J jj-Jui^3 £)Lul£4 JIJjlo 4J d *4 j 


Cc 


BtO 


Cc 


□hK^ 
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op 4_J ajt^jjjlj^-KU 4_£G 4_J dA£4—J c I Jj4_JloIj4_a ^4.£4j4_^dj ^4_l ill ^4_J 

(S Q ^ .lajl^ 4 A.dj j yljb «U 4 &jh>jbJ (jl£d^J«U 4 SU u&jl> jjaSjLj 

^.j 4^L djLo^j c j_a jljU jjJ j4_A pAtfrJ 4 _jIj4-£ c4_j4J& jjam I j^jI Jj 4 4j£G 4_l j4_j j4_i4J 

.Q.n&J (CC) 

<GIjjl^. ^4-j j (ji<Ld<U c^j^J j^ l4 ft jl£4JJ Jjlo j jljb jj Jj4Jb I<GIj4£ 

£331 


& BrO^ 


IQjifrJ jpLoljp ^4 j 


4jj4_j 4_jG c<>j4_jI£$J jjj d-ijlj.^. j4_JloIj<U ^4_JlJj 111 14_j jaj 

□tO c4j4j& IJ4jIjj^ j4J ^4-udjlajj 

?djl > /Luj 4 j jG 4 j«o 4 J ~~ \ 

oki DO L t^J^J' 1 ' JJ^*J “V 


133 £ 


• djlJLut<U ^JJ<liLLbU 4^4j4 i i i <t t 4dl^4^ c dj^j^4-^4^jd J d4»j 4 I ia ^£G 4J 4^4l4ft i<u ^4 -a4J 

^■O^dUi^O 4J jlJLu<b ^.^j144j<«i JJ&*J <GIj 4-^ cdj4^jdJ ^£j^J4J& 4j< 4. a ( ^G 4J 4£<Lj4 4j<<i j4-j j*U4J 

fjS J< Ju«uj 4-31.j4-^ eft jji-miJJ 4-£ft jjjI Jjp ft^1)4.^ 4 xLuu djU ftjj4_^j4J& ^£ft> j4_j j4_i4j tftftjj4_ft .ft j4JGjjI^ ftJ X 

.O^dJ (X B X b ) cLIj ^34jL djU^j c (X B Y) djb ^<uLdjUJ}j Jjj<Lq<u 

ij l j LaJjj 4j j q 1 &G 4 4 j i <» 

4-S j4jLlLu jjd<G 4 ^j4juuuG j j4j I GdlCtiC (HSOrdCFS • 

cjj1<ViuU c^4jIjKj.\ ^jjjJLuuJj4j ^-4UkjJ^4j idftj . j_2ftj 3j^-o ^lt ^ftjLaj^j 

c^Jdj c jU^j j^Jj 4 t cd-o4-d ^4-2d4jj.l^ c Gj^ijjIj^ JjGoi J c^4^JjduJ J 

^ 1 ^ 4344 ^ 

jjj (j 4 a^ ^ ($< 6134 *to.. j«u otub^ : Polygenic characters *ji ^ 1 ^ 4241 ^. • 

• IjSJu^ 4J alA. . .<.(j-<4J ‘JJ-a t5^ d J ‘jk* li^*J ‘C m o 1 > 

Q-i4i<>J 4-^ cJAa^j A T ^j4-^-»jl£ J^J 4 jLjj4^6J ^Jl4j 4-^jdJ c4J Ajj dji ^^j144j<<i cl 4J Q<uj^ C5*^^J " 

I J^V<<i4^ ^Juujoj 4J djj^<U (jjGiLlya lOjiJj^^J ^ jG j4JLi4_d c^Jdj ^^£<U4 -ijj (£j-} j4.4uw4j jj^dJ 

IJ4..J cObAja 0.4 41 Jjj (O-bpbj Jlj c5 JLJ4.^)j3Uj ^JuG^Llo ^Jj4-^j 4J^ cOJj4^G jj-A. <oj1 j4j 4^ 

^.jLduulj Ij4-j Q jn p4 4iJjj (oAjJG 4^ Jlj ^JLJAj) jru^Lj-d ^Jj4^j 4J^ ^U<U Oj^J ^juuuAj 

! <>j4JI<>jlj.^J» JJj j^jL&I J ^dj4^ V 4J 4^ j4j . Q n<>J jrUl^ <Luu4.£ 
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Wmm 


' ^4J4.oj^ jljAi jj J jdu4j|j I JJjj„d 4J j-4^^ ^4J4^ji* c(IA ; I B ; 1) jjl^4J4jJ4^ j4j £ju««4j C> <7m 4 

^4fljl^jA c4—>4iA A ^£j4_£I Jj4j <>j J j Lil^^jj|»i 11 4^jjA j4»i «4 1 4_£ j4jLuu4^ j 4^ : A (^JkJj-i ^4-J4 ^j£ “\ 

. J Lu b> 4 ^j"j* jj£ j 4 ido 4 J IA ,JLjJ 4 j ,-JjjJ J-» dj 4 jL»j 4 ^dJ 

^4fljl^jA c4—>4iA B ^j4^Ijj4j djJ j Lu« 4^j|^ j4—< n4J ^ ^ j4jLuu4^ j 4^ : B L5 aJj_a. ^4 _]<Uj£ “ Y 

. j Lb 1^4 *j^ jj jj£ j4xx>4J I B LT*JJ1 Ji 

<.4-j4Jb A,B ^£j4-£I Jj4j *jJ |jLy^jju a 4-£jj^ j4 —uj4J 4-£ j4jLu/4^ j4j i AB jJJJA ^£4-J<Laj5> T 

. j Lb 1^4j juu jo jj£ j4juu4J IA ; I B ^JLjJ4j jjJj4J& jjj jj $j4jjj4^$ J 
i4-L4 frjfl»j4.i <1 ^£4-jIj4^I Jj4j £j J j4-J ^L^ g t, A jLbl^djj-txi 4^jj^ j<Lduu4J 4-^ j4jLuu4£ j4j lO ^jjj^ ^j4J4jj^ 1 

. j Lb 1^4 j juu jo jj£ j4duu4j 1 ^JLJ4 j ^ JJ4 JJ dj4JiJj4^dJ ^£4 £$jI£jA 






j*4-j ^4-jIj $jLojj j Cxtjb d jLuua. jj cdjjj JjJ<Lj ^.^jl4,ij,m I J-Sjjo 4J ABO 


UJUUJ ^djJj^lJ jJjb. ^4J4 jj£ 

^OJjSdJJjbJ djdjIjA. ^djLi 


C*4j b& jLojj 

04jb djLu^jj 

(c^djjjJ) I A i IAJA 


c^djjjj) I B i (^dj^4j) I B I B 


I A I B 

AB 

ii 

0 u&j*- 


J4-J ^4-aL djLuuukjj j 04-4b *jLojj 4-4b cjjj B ^J-A. ^4-14*^ Iblfc ^j^JJj ‘A ^JA 4J^j^ ^^jLjj :4bjoj 
.11 = j1^4)1 jJlo 4J d4j ^Ijj^ ^34^b^jUj4 ^IjJ j4^4j cd j4j4^jUj dJjjo j jj j4j 4j4jI j4J 4^ C*j4dJ jjAi ^^Ijjlo 


(I A i) A (>■>>*■ 4J4 oj£ jbj 


(I B i) B jjja. <u<u^£ jj 



i A 

i 

i B 

i a i b 

i B i 

i 

I A i 

ii 


B jJja. ^£4J4^j£ jj X A j^ja, ^4i4^j£ jbj 

(lid; ^j) (lid; ^j) 

I B i I A i 

1 I A I B , lI B i, H A i, ii :o«ul*,u^ 
B jJlolo \ 1 AB ^lolo \ :04 jL djiuuAjj 
0 ^laio N - A \ 

N : > : N : > 
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ebuI^BS 

I n i i d OHJ < 5 jl i i^jojLaG | ^jdJ9J9ui <jLcf jLoLj | £-it oj-£*& 


1 


(X b X b )^^j 


OJ 


(bb> 



X b 

X b 

b 

X b b 

X b b 

b 

X b b 

X b b 




jS X i£j&j (II) 
(t^dj JJ«J) (X <b jI„/u*4j) 

V 

bb X b X b 


X b b , X b b , X b b , X b b 


.(II) j (I) ^oLal*4j 4^G ^W \<\\ (III) 

(X B YBB)djGjjj j<Luu J ^Luu jb. (^jUj 


^3 J ^ 

( X B YBB) 



X b B 

YB 

X b B 

YB 

X b b 

X B X b Bb 

X b YBb 

X B X b Bb 

X b YBb 

X b b 

X B X b Bb 

X b YBb 

X B X b Bb 

X b YBb 

X b b 

X B X b Bb 

X b YBb 

X B X b Bb 

X b YBb 

X b b 

X B X b Bb 

X b YBb 

X B X b Bb 

X b YBb 



8 X B X b Bb , 8 X b YBb :o 4 *u»jU£ 

^LuoG j$ jIa. A c <>j£ jjj ^-‘Aj A :04 jL <>jL- u ^jj 

A : A &6>&j 


JjJ4j dG 1&G4iujdu 

d<u <l* : Single-Allele traits jd<G do ^jifraa.t.ni • 

. d^J IJj4lu4j jlilbUdJ 

: Huntingtons disease (HD) • 

CAG 4.J jljjG c<G<La^AJ ^Jlj J 

^Luu 4£ <U ^LadJ ^jl£4jlui ^4 >j4j 4>j4j jjaSLjlI (£jA 4jjj*J tC)l JAJjjj 4 AjLaj j<Luj<Ll 4 Ij 

<, ^'\4 mi4^ j J_j^3 Jdj4j jj-A.,/ u4j “*—? JLA*jj4_A .(^jJLuu 1 4 j_J T ♦ ) J_jd j Lid La j4_a4j 
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QjjJuuLt jm 4J (jdU^JjiU ^JLiJ4j 4^G ^ LuuUMJuuud J OMpIjMdJ Cm}J j Jj-o 4j 4^ dj4MMj^dJLiA, ^m4^JJjuuIo 

djlj«(J jijj DN cu^j O jlC.j’i'. U «u 


4J C.1j-^4-> ^4^ ^j4j^4j t Lb ^ojj^4j 4j jjjui jm ^-uj4£ 

.4_ui^4j j4j 

jj^l4,t c4_G JmJ4_j dLj ^^i]^4j 4-£G j^I^juuljLa ^-jmjJ^4m 

4J JmJ4m JG ^j4iLiduu Y ♦ ♦ ^4 £->jM Hi oVt Lj 4mIjjmmIjm jLGIj 

.dj 4 j>jjJJ 


jl£4MJdjU^ 4jj jVffi 4J Jm4a. 

4J jlJjU <£>A4^ c ^0 t^j4 J ^djLojJ ^Juj j - Vvjl :^4£J^uulJ ^^04^ ^^4^ ■ 

jjyutjjyuib 4-i jjjuIijj j^uj4^ cQjla^JIJ—a4j 11 djLdj ^-aj).i4^ui4J j4— /uu4j HBB ^.1tdj^-i 

^ 4-j«Ufc Im(^£4^j*ujI J ^4£J^duul J) j^4j6>j| Julu 4^ cLJA (jLiMl^dj^uu 4^J^^ Julu 
4J Q ,iudJ4j j^Juuujj idj4-Jjlj^dJ O2 ( jii4-d4j c4m 4^ j 1 j\ jJL^j.a.xA 

.C iV/tl GdJ Lr jl^4JjjJjj^ ^Ijr^ J 

4J jlJjU t d^Jj4^ <^-^4-1 J ^djUJ^ " 

I Jj[^ JLdui^j 4J O y^j|jbJ4j IS d jLoj 4-juu4J j4.i n4j H EX A 

c^Jj-uu JV 4J ij l£j^j4duu L* ^dj4JjGLuudjJ4Jb 4.a Q JUuuuddJ4A A jJj JUluulo LuuJ^uu^ id ^0 Mjm4j 
4J i > Cmi idJ4 j jjjuCujm c ^j-dd J ^jI£4mI^ djLddJ ^ ^jJdJ 4^4J4£ I^Jjj4juu L> ^ju4 o 4j 

. jJj-o ^j-d 4MUJdJ 4^ ^Jljbld ^m4m4m 4J £)4jljIm4j iQjVt.IGdJ j UdJ ^-dljj4j^ dJJdjG 


ylSUu.. djLo^j 4 ji o^a 4 j Jj^->I< 7 ij mi ndJ 

IjJ>U j 1£4j 4J ^MdjLajJ ^_ilij^4j 4^ ^4 jLuu4^ j4J jJjJ* jdJdJ ^L^m4j jrv\^<n v CjGljdjlojM j jK 111 ^ 

.^jdjlo^J 4 j Cu^JdJjG 4^ O4 jmG ^Xj\,^4j ^4^Mj4J j(j»»4 i>4j .djjjj4^jdJ 

^ < 4 *^ : Genetic screening • 

J «aa.b CfJJA. ^LSdolj^jjUj <LLujm ( _Lij 4 juJ (jb (CjKilA (^jjj^-ijbj / ijlj^_ijbj 

.4^4^djUjj 4 jmi^a4j ndJ ^Juuu4j4o 4j . DNA j4juuulj 

IJ4J4mj^ 4l ^djUJ^ j jJ^li njVl i i idJ 

^4^dj^. 4J ^l^4.i 11 ^4 i i7> 4 J dbj i4 d ^juj^jd^ 4 m CmjJ djud ImG»4m * AlTlIliOC0Ilt0SiS jlj4u< ^dj4jJ^Ua^ N 

. I J4^mSG 4J ^JLJJI^yuu jLiL .(£j.i&jut ^dJjli ^dJjl Ija* ^4jJ4-d jl Ijmm4J c4J4mj^ ^jjdJ ^jl j4jmj 
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IblllUyiMtkMIMri! 





urfM* ******& 


Chorionic villi Cx3ri& _Y 

<u d^LdLui 4 j :sgnilpma 

^ 4 jLuu 4 A ^ 4 jlS 4 J& ^[£ 4 £ ^.j£ ^ 1 ^ 4 ^ Lk 

. 1 J4^j3Ui4J ^JluLuu jLuuL q^jJ&juj ^o4j^J 


i'-i— u. i ij i.ii - jdj ^1 jjJ j 15*4 *\ < I J4 _£<i£-1Jl£<G jj Jj4_J& 4-J 



i 


4jI^i^i ill jjjjj|. 1 ill j4jJj.^ > i7> 4 j A 15*4JLloLuu 


*i.tf'li» 4i4 4'0» ll l'0«J ^ \£<*ULAJ-A4J$AJj£ j 

U 14 ^j&iU 4 

jIlu 4 i. u>ja4j 1 i7i i i t< ttb J ^Juuu4j4a 



UJ^ ^ 


dblJ4J 




jUL^ii j^jU jjj (jL. dl—^ rGenetic counseling • 

4J (ji4_o4j ;jLudjUJj ^jJLqJSLu 4_j Q,.,<4i^j4j jdj4 ^Lia 4-J <>j4_1jj^<>J 

cj^a ^-><>jLajj IJ J4J jLjjLS^JIjJlo 4^j4jI j4J 4^ ^4jLuj4£ j4j ^uij^j ^jUojj j ^jLjjIj 

. 4jI^ia. j4j j d4J4 ^jUjj ^jKljft 4 j £jLuu4j C><7u 4 j 

^Ij-lo IJjjjLaIJ 4J ^dj4J dj<UujjU jjJ ^£6j4-jJj£jIjI£Lj 4-J ^dj4-idu ^^aIaLoIj " 

. d j4j4^jlo 4^ ^jl£djl^j-A 4^ CUjJ^jAj ( j^j4-o4j jj u0.1j<>J| Jj4j jUjuuud> jJj4jU> 

iSJj mA (£*Si$^ 4—» c Jj1^4—J d4-j4^JJ Jj4-^ jL_>GIJ J 1^4—JlJ djlo jj 4jl_^uuj.^4j j m j 4 txidjL^ j —j 

♦ ***** * ** ** V V** ** ** * ** ** ** V * 

: <Q ^ A 4 J) 4 c 

C^ 4 - 1 J ^ojUJ^ :PKU Ljjjl>j2j£ JfJLji -\ 

j4duu4J PAH 4J jlJjb t djjj4j 

jru^4 j J_jJdi) _j IJ jjljj£ ^ ..*a< 4_J cQj.^jl J_j4j 12 

ji-i jru^4^ Jj,u,9 ^.\jo4^ 4£ 4^J Qj,lj,<J j lA 

4d ^ Q > 4-^4J4^ jru^<L^ J.Uit9 ^-idL^j ^pu 4 --o4 j c jrUduojj^G ^ t ia4J> 

4^ui4^ ^,1..Ajjduu 4 j 4^ j4«j 4joj^J IjJIjjlo 

JJj O - J ul lli l5 ^4_Jjj^jj> 4^ 0-uudJ4j j Ol^4_i 

^j4a4j 4J 4j4j(^4J Cu^4j j4duud^ 
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jlo4J JljbJLd j^ jlyl„A) ^4_^_ij4j PKU ^dkfj^4j jj j^&jlLj OJjJI jJdJ B 

. Ijoj4j4j 

(jruV4^ jJuai ^UU «U Cu>£dJ j<U-u»jIa. PKU a 

. ljjU£l jjA. ijwAA JluuUuuu d 

jLj4J 4_j*JJU 4ajjJ ^jjjlILujjjJ ^4j 1 jKj ^jjdLuuJj4j ^uuj^4j : ^4jI jKj^v ^jjjJLuuj^ ^dij^ 4 j ~Y 

.(<>jlIj^uub JuIAj) ( ^^j4j4juuIj 4J& ^jJfc 4 jjj 6J 4^ c Jjufc. .. CjujIjj£j4j j jl£4jduu 
j4_A ^£<>jla 4^ c jjjuIjj ^duu4£ ,J4^4J dllliiujl J Jj4ja* ^1 Jus L^j4j 4j (jiujbJ .144 jI£4JLuujjJ ^jJj£ j4jlu& jL^, jj 
4 AJaI Jj^jdJ jj CajJjI£4j 4^4m>ja4j ^ u<n j i^JlLuu 4J jl JjJ I JjIjj cd4J^ 1 0 4J q1*4j jlj 4£ djjjyuujjl J 

■ 4-£<>jjJJuuu jj J <>J J la 

ddj c J ^I^L^jj j-J jJJ Jjl^4_j JyLuuljLj^. J 1^4£LjuulJjj IjJ* ^j 1^4j uujja4j 4J — V 

jj ^£4jLulij^4j j4-j jJ-jL>4j jjj^ ^IjIjjj ^jjdJ ^jl Jj_i tdj£4dULi ^jI jjJui jj 4j jrdjyuuj4j ^jjdJ ^Ijjj 
4d ^4 _j>jUjj 4jjja^jI j4_j ^JJjjV j_j (£j^ j4 1 -mi4j ^4-^Jj4J jnj < nj^4j djjd4-ft Cj-A*J jjjJj4_i jjj^ 

. Qju dblJ4J j4j ^ujj 4j4A IJ4J4jjj£ 

jL> :• Lu ^<j <} a j > ia_»L»j <u«i^i>\5>«g j<j :Gene therapy ^il*j« jia» * 

4£4jj<>jlajj 4 j jjaiLjJ ^Jj^j4juj djL^. ^Juuu4j4j4j <.4j4J& ^Juuujj JLj Ajj 4j£ djduu4^ 

4jjj ^Jj£j4 uj<> jbw 4 1 4-J l^4j cjj-Juj. jj nijLb c ^ 1 j Aj—i ^Jij^j4-< i<6>j La> B 

.Q<«jjJij ^.JLj-Ajj 1^4 jj j jju (j 4*141 ^Jj4jjJj ^*mMj 4j C*JJuuj4j6J C><7m 4^ c j 1^4 - idj Ujj 

(jjJ^j^LuudjU. ^yjj^jsLuudjU. l£»j l^j<LA 

<u <u j ijL^ ^CFTR (jiliij-j jj^dj ^Luu (jKaiu^ Gj«u-u -\ 

• J ^j^XuuJi^aIS jlj 4j<La_l(>J J ^luu ( ^ . ‘\J ||)<> < \ 

t^yj<GljKj % ^j^jJLuUj<U ( _^idUJ^<G <Lj jj> mi jZ ^ 11|4^ . jG JJ <Uujj_iI^ — Y 

. dj4JudJ ^4^ 4^4 t<7 <ja4j jjl^4j l<7at j Q u^J 4^4 < n4^ 1^4 j ^duujj 4^4 aai jjjiJ j7j4-q4j 

4-jUIa. j4-j 1^j4-j c^^IIaj-j Lr Jjj^j4-x-odjU. 4 j ^4^1 jlS-i-a. ^jjjjJ L»1jj4j Lr - t ija.4j Lr JjjSj4-^udjU. ^jl^4J B 
4 i juojjJlJ CjI jJLalJ jL» jjj^jIj 4J 4dljl^ j4d jjjLa j4^4j 4-jjj c j4-A IJ4^4^uj4^ jj!i4 I 4d 4^ J j4duudjl^ 
.dj4jj^^J jl^djIjJUIJ 4 jL^. ^jLjjdii 4^ ^4 jIjI^ j4j jj d j4jLjj^j djljjjJ 4£dj4duu<>jL^. 
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glHimiig 


ri i 


» y |ii li li ...I^ L 4 I, <4i tjJJ (jl^4—^G 4_J ^L-£ 1^4 m JlsIj4-1 m^ 45>4J4—^»>J ^<L-J /cJ 

i mv<J T " "* * v 

•C 5 ^^ 

1 j N — J V j Y — j 7 Y 1 $j 4 j — o \ L$j 4 j — I 

jLaju ^ 4^t^G jU4j 4^ cLj.MjAa. j. dj4Jijj4^dJ Q.j.uu&J IJj4-JloIj4j 4J ^4^4j4^dj djlajJ j4j 

^Oj,* djdjl^4 jL ui^Ai4j j*4j 4 jj4j QjVi4jG c4j4A 

HD jJJl^JOJljLa c5 -i£ij^4j ~0 HBB ^j4^J jduul J —) 

F8 ^jUJj - j PKU - £ 


64 6 i 

* “Ij4_i ^4 jLa 4J ^ l£ c4j 4A I Jj4 t fllj^j ^jLajj 4J ^4jLjLuIj j4j |^um4j Q i7m 4j /u 

Y ^ <^*jjj>* ( 0 ‘ V ) ^G jjJj<u ^<uLdjU^ -) 

Lilf „ 

<dlj j iStjjjJ ( l <■ X ) ^G jjJj4A ^<uLdjU^ -o 
*^*4 J ^^<4 ( t ‘ X ) <_,£G jjJj<U ^AjbdjU^ -£ 

jrudulj dj<t^<Ll<U (*■ t )) — J 

^£Lj ^4..,/ la£ 4 .jG cdJ. j.IijA 4j£ ivdJjdJ dL_i£G j4jloIj4j ^^£^4. dj djldjJ /o 

^£ 4 jla 4 J <*L£ ( Y ) jlaj 4 j jlj^-i-><>jUG 
Rr - c X R X r -o RR -I 




- i] **-- 

: JJ&*J & j4jlJjjI4j^4j c4j 4J& *j ,l£4£G 4J dj,^4-> J Jj4jl$Ij4j (> ^4J4^dj 4J 

0|« X 4j jljjr\yuu4j — O JJlj J*i4 4 ji u —) 

^ ^ U44 Juuu <Luu4J — J Y ^o^duu^ojij^ 4 aajj 4j ^Ijtuuj4j jLu41wd — ^ 


4—\j^jl^4_i cOlJ^J yl HIJ^ ^jL-dUuG u-^LjSJJ.M l^4-dj-_duuj-dJJ^ ^4 -u*^.4j ^jl fSJLk^ 4 —jljj 4—j /o 

4^ ^4jI jGdUuj-J j4j j4^lJ-oUdj 

jjjj 04^4-0 Udj jG <£j4^*j 4jj K1j A 4-1jj j4j “\ 

. ^j^IJ jGJ ^yduu^^4^ 4j 4jI^j i atjj d4*uu4^ ^^jLb ^4^4j OLb^J I J4^4duliw4j ^4duu44 ^ Y 
1^4 ^j dUij^J^ 4J ^4duu 4J 4jjj\^ >1 ^4J ^jdUjiJ^4j ^JjJ4j 4j G <.4jI l&j&j 4£>4j^u4^ ^4^4j T 

^4-ojduuj-oj4duu4J SRY jZ ^jJ^jGJ ^ — i 

Vcxl-4<>J jlJjb ^uijj dljl£ Cu^^jJ4A jJdjld^J ^^4 j«o^a4j djj^. g ^lj15 djGj — 0 
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gg 




j 1^4 \\tojj ^ ^ jj<u 

DNA ^L»jjJ<l 1 ^<G : \—N ♦ j<t£ 

)j-jDNA j 4 ■■■->; o •■■*' j 4 1 4-u^j dna technology DNA • 

. j 4£*J ijj-d ^jLj ^ 4j Cj^ajA ^4jQjuuuljIj 4^bloG j4j j<CljjjJ jj Caj^Vi AfrJj 1£<U j 

DNA 

0.10% I ** dJ4A 4-J DNA 4^ djjjj4^jdJ jLjj ^Jj4^ jjbblj 

. jl£<Luu4£ ^4-iduuLk J j4jlLuuG CaJi Jjl£<U ji^Ljjl jLia. ^4j djljL^r jj ^fLjdhu4ffc JJ *j4^\ut4^ 4J 4& Qai4j 

(jrujjj 4J j4i^jj4jb DNA 

l^j«G 4J Ol^QjjljJu<U DNA 98% 4^ »jj~iinV>bj»J ^jbblj 

. j 1^4\ji4J oi£»jjjia*u<u DNA 2% 

4_j 4_«, > » j «ug <^DNA ^jj 4_1 ^jiji_»a.: Length polymorphisms »j • 

^4,DNA 4j jljyutb Jjj yljjj 4jL>j4£dJ 4^ (-f jJ j < v'i<n J jJ 

4j : Variable number of tandem repeats (VNTR) DjU • 

4j((jl^4 jojoa. JJuL> OjLijjJ 4J ( _ r S4jd J Uj 

■ lj^< uDNA 


* 


t ^ j l F5 tT JLiJi'+j 


■] 


DNA ■} 




4 # f 

ATCG ATGG GCGCGC TCATCATCA 


] 


VNTR 


lj u&Aj-i Jjj jLa^Aj t# £4_»djUj tjruj^ ^ u jj J 4J 4_b jU-uuj.Jj4j 4^ DNA ^4_>98% j4J> 

d<Lj jjJ jLo <U . ^£<UduU. j<Lal\ mb <U j4£$JjjI J™«£>44 <l£ t& j^jjK U ft 

<jLul£4 j\j^kj^/uG <Q£l» 4.J £J Cuj34 j^.Ia^j j 4J d<U ^1JJJ4 j 

.VNTR jljj^ djLdj j4jJ GjlA iCxJjHjj^dJ jLuj <ulo^3 
. jl£<Luu4^ ^DNA (£ 4 ^ a 4 . jll *> ^J^jGJ ijj ^*' 1 j*j DNA ^l^ftVNTR 4J JJJ-uj ^Jj 4^ ^GljdJJkJj 
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Jt 

A 

Sjl Krmanfl AINinrt rnsdl 








jLiiLi j djJjJbjJ <£& j 4 jl*j^j 4 _ 44 J JJ j\Z<J 4 ^ ^ 4 -i 4 jLk jb 4 jL^Aj j 4 J CuLi^i : Vector j 4 ^ 4 ltfljti * 

4 J 4 _} 4 J& ^Jjj ( ji<L-o 4 j .j-J jdjJuij j-f dj 4 ^Jjd 4 J jL ^£ 4 _i 4 JiLk $j 4 £ 4 j 4 j!^ 4 J j 4 juLuu! 

djbjjJ DNA ^jI\j^^ 4 Aj 4 j 

cC*jj^jJ 4 _A j-oL-j DNA Q—jMJja 4 _£ 4 _^-JjdJddljj jLj J 4 _ 4 ^( 4 ^ j 4 —A j 4 —Uj^ j 4 j 4 J ^j 4 ^ 4 jL-idul jLj b 

.jjj 4^ dCjdJ4A t 4 ^jja. L/&4j [&4juLfjj.j td c ldL>S<U 4J £)l£d:ddj 


(% o; 
\ 


0 -Aj.va 4 _»j 4 £dJ cdj^j ^<L_sJ<b dLJ DNA 4 _] jjjL»j_^ : Plasmids atW-^Oib • 

^j4^4 >»iiijjta c Lij^4™i ^ dLiO—i4A ^4^4 t^6>j4—< <1 ** *j| ' '*3 A JU 

4 . -» jN_t .IjJdjLa^j 4 j Cw,p>l$jjl£<U dj<Qj^j<U<U 




^yJdjU^j <U djbjjj DNA (jdj^ua^j ^jajjA ^Ul^xLAjdj ^ l£dj l^j<U 

DNA ^dXjj<U t(^joJb«<Uj<U 4 jj^> ^jaJjdUU<b ‘CtLj^ljZ ^fijLojj ^bUlj 

: djdjl ja. (gbjjuut ^4 c L/&4 j ^^u-dj^u ^iVi.A j1^4j 4j 

C(jlj 4 ^j 4 ^ 4 ^-i^j 4 j ^ 4 ^Jj 4 J “\ 
^ QlfAA jd-i 4 -J ^^ 4 -i 

(^ 4 duu^ 4 i)dj ^0 ^ DNA 4 J jrJjduaJ 4 j 

L/& 4_4 ^(j 4 < 4 J-duuljlj)J-LOj^b j 

• (3-jj djr^dJjdj 

(JSJLAj'^L* J ^JlJJ^UUJ 4 J -V 

^j 4 ju-uj 4 j ^^^ 4 -^ ^A 4 -J c Ijr^jdj 

^d-j-oj^Li j jjJLbu 4 i^J cJ 4 4 .J DNA 

0j\ -ajjjDNA)jjj( - $ <i jLi djl_ijd 

.QjlI^J Cjuuu^j J \*; 

j>>! — ji Cu _>I " 

c?b>£<a— j jl—j£j t>y — 
djl- ijjJ -i) ifj*-* -jLa. 

Jl>»l (j^Jj *j'- iJJ J (J b/£d t -i 

oJj-A 4 -il Jjjl 4 -S ^ 4 —LIajj j 4 _i 
.QjujJj 4 Aj 4 j ^jrJ^.U't.t 4 j 



j j**-, >i-J ' 

IPW j _'L i 1 ^ 

JJ- J 4 i*i »jbjJJJ 



^■I' p '“* ■ : -i iJ -H ,J L i.-*™ J 
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^JL UJ 4-1 4.J jj-i tljjLiAjl&Li Id-Ajl^jjb ^jl4J <l£ djUjjJ DNA ^4,£4j 

. ^^4 <7< t ^4J^£j4duu£jl^k ^Juuu4->4-a 4 j cu mr 



j4 1^ nh 

. 4j 4A j4t^nh 4 j ^Juuujjaj t(jl£*jjj^j4j4J)l JjI£^jIoj4j 4jLk 4J SjLjjJ DNA j41j«u1j 

injjJLi jLj jAj£.<uu jLo <Lj 4£ dll ^DNA jL» RNA 4J <UjL^j : Probe j4J&u • 

^jLidu4j<Lo4j DNA 1^4-jl L> 4 -1.4.1 <U Q^/L<<i 4 u 4_»4A I0 -jGIjj 4J .dj4-Ju^dJU^. 

j4jOduuU 

j4 V^iut c L^^4 j ^jA4j jdjdLOj4j jjA ^lii$,fl4 A j<U ^1l£4j ■ 

Jjj* *"*"*/" 

• 3jj-o ^jlJ^uuj4j ^JClAJ^j mRNA 4J 4 ^jL*jJ 

jLj jdJdj-Juij jL>4J Lj<tUuu*±4j DNA {£b j4 Vl.mlj j-J CxJ^AaaJj l^4_J j 4 ■ nh ^^dj4_duu ^^4-iAj. uj<L* a 

fl£jut >jLjjJ DNA 

DNA ^LjjJ 4 jl^ 4 H 1 $ 4 j 1 Vt jj^k 4 j 

I4jIj 4J cOyuo4j4A jJj JJ (.jjLijfij DNA ^LjjJ4j^ 41 4J Jj^uo ^djljj4j ^LUIj 

'^jdjJlJ ^4buj^j 4J jljG jj j jIjuIjG jdbu4^ LIl 11Jui^J j jdbu4^ ^4dlibub \ 

j jjlJjjj ^ll&U ^dj4-JkJjjJ DNA d4j4^jL jLj djduu4^ ^IaIa, 4dui4j j4juldUuG “V 

. j<GI jJ4A 

. jUjIjIj ^4-tUjjk ^dJlj j 3jj_o ^4 a.4jlJ -T 

cjljdjdJ-ajj ^4-J ^jl*j^J4_A j j l£4_d1 £^jL/uu£ 4—a4Aj4i ^jJj^£l—^ j jJj.^->jK1, <oSJ — 1 

. <> j4-uu4J jUjjIj4J ^-uuj1<Ld ^4jIj4j Cj4jl»G4j 
:ddj Cdjlj^jdj jJdjlajJ ^djlaj4j 4J Jjj I J.J ^j4x4J<>jL^. jldjdJ — 0 

.4ji4^ <^>oj^A j jrJ^uuj4j ^jJ^Oj^A ^ La1$^4Aj4j “ 
c C5^i>^ j*4-£ ^U4-i c5 Jj^j4-«jdjU. ^LSdjl^^A CjJ-iL4-d jijA : ^ 1^4 -joI ^Ul^d4-A4j “ 

. jlljduu j 6d^ >>? 

(^j4dUudjlA. jjjr^j4lj4j j ^jlil^d4Aj4j “ 



HllUaPEl ChranetAK I 





4 07704644378 4 




















— 


MaPlnMlBB 


^.Juuulj 4-^4 Cj4 4J j4j4 <> JIJ ^rui l 44 j444&6J44ifcj4-J ^4d»jUjJ ^djl Jj4j ^Jjb44 ^4 jGLoj^J j4j 

(jLuio^djV j (jbj<L»lj^a. 


'ij-y jja<LA ^lj-^4 I tOJjjaAdJijl^4_i DNA <U J J jLt DNA k. /o 

<>Jj&ju£ I 6 j4j 4j LiJuuajlj . d j 4^44 44 ljj-d 

j-i ^J44-AdJj 1^4-4 4_£ jl£d jIj^4jL J J Ojj£ 44*jb ^1)44 c d<U4J Lu^ 14^ jj44A 4J Sjj.4 J—k. 

. jjl>jL^ J4 J,j j4^j«<i4 < %4j DNA ^4A>4jj^k ^jJj^JuujJ jj 

ijl ^4J ^4 Jj^ JjjIj44 ^ 4-^44j4J 04j^4 JLj DNA ^ 1^4 V l4 j j ^ Jjjj ^4Jb 04j^dJ /o 

•cub Ll4. J4 ^.Ct<<)4.^ J^4 <>j4^A«<i4^ 4J 4^ DNA —) 

. lj£4J4JdUU Jbj4.— 4J jruj^J ^4 Jjj£juIIJjj 4J jdjjiJ j 44 L> DNA ^41^44^.jL ~o 

.^4^DNA — J7 

. ^44JdUh* JJ J 1^444 jl4 ljJ4JdUU d<L» 4J j l£<>JJ4 djbjj J djl~J 

VDNA £ bjjj44^44 4J 04j£l4^4j44 4J& Guuu J 44U<J ^ t£ / CJ 

.444A 4^ ^44l^djjj J44 ^4 ^j^j 44 C5 4l£4ll*$4 ^Ulj -) 

. L^44 ^j4&4j i jjj-d ^44JjdUU444 ^ 4 ( 44444^44 — O 

. jJ^j 4J44^4. ^^i^a.44 44 J^Juij4 ^1^4* ^4 JTU44 jJJAi c pt444d4Aj44 “£ 

.$j4jJLl4A ^£Luu44 ^JClA£ 4 4^ d444J44j^ ^4 ^Luu ^SjlAjj ^jUI J — J 

:4444b jLij4£jl j 44 ^4d»jru4^ j4-uju>4. DNA A_» 

. j4J& IJL/&44 ^4 (£ 44(4 4J 1^444 —) 
. IjL/^ 44 J4^4J J4/U4444 dj4^44 4 jI J 4 I 4 LjIJ44J —o 
. Q4jrUdu4j4 djd> jJ 4. J la4_A ^j4^jl j 44 ^44.jL 44 44 IJ 4 I 4 IJ44J — ^ 

. j4-A I J4-jl^ ^j^bjXiLuu 4J 4^ jl^4-a4j444 ^j-A4j jj< \<j*t j4jju^44 ~J 

• DNA jdj«Uj<U /*_» 

.(jjj *>j Jjl^tU RNA 4^jL ijjJ ^a>jl jj4j <l) — I 

. j4^J44b^Jjl£44 J 1^4444JJ4 ^4iJJ)tW<)JjJ J4 (j44^jUj4 ^<>jl J44j 4J ~0 

. 4JLUU4^44 jL» DNA 4-^ jL ^4 Jjidj44AjJ J ^4 l£*JJ4 1^44 j 1-4 4 A — ^ 

441 j4j ^ l£ g4Jb — J 

j'd}^ <4 jk«U jklS /o 

dj«t£<u<u (o 11) — j CATGTACAT- C TTTUUUAAA-o GTGTGTGT -) 


sanjaiBai ChranetAK I 

— 




■■- 


4 07704644378 4 























— 




1 

3 

J 

1. 


r~r t n 


A 

B 


1 C 

ID 


jlj£j ij ftJJJ DNA 4^jb : ftj4*J4 j Ijt£ /o 

*j>° ^l&bLbJjj : jlA# ~ j 

jl£4_bjj 4 11 ftjj : jUjj ^djl jj4j —o 

jl£dj4^1j4^ 4 a^j4j : RNA j4aJ4j —£ 
(a £jLkiV4^ ^jbdjl£ ^£*j4jJj£L^ : JJbdj^U DNA ~J 

: 4J 4 Lj 4 j4,V^ib /o 

.ftjriajj db RNA jb DNA — I 
• <U4A |jb/&4j d-4*U4^fc 4J 4j£ d^4iLl4j DNA — O 
.jijba. jjj DNA -g 

. Ij DNA ^jlj^-ijbJ ^jAJjjuj^Ji j l£<> Jj bjai^joj JdjjJdjbjjJ ^£Jj4jjJj — J 

?ftjbjj£ jbjj^4ft 4J j4jlo!j4j ^4jljj jlj£l Ajft DNA 4^jb j4j 4^jb /o 


D 


C T 


B-. 


A -) 


/ * 

. T GGCCA ACCGOTl 


<U <jj\j£1j<iS jb£jjJj4J& 4^ DNA ^4^jb jjJ 4J j4jlaIj<U ^j KlIft 4 jJjj /o 


> | ) ^j4^uula 4^ 4.1duu-jj ^ <jg± j 1^4j1j^kjju b 4,1,41 ^Jj4jjJj 4*jb c6jd>j4£lj4^ ^-a-Aj^4j jl$4J& 

. _ f 

?QbJ/C,<«4 it 1 djbj jru4i> ^j4<*ju>4a 4j j4j jj d j4jLjj£j Li^Aj _ r j. djbj ^Jdjru4^ 

SSSj^ a CTTAAG-j ACCGGT - c TCCGGA-o UCCGGU-l 

Ij ^ J-j4jj->J 4-4 b c<> j4-j l£d JjJJJ DNA ^4 a> 4 (-jlVvfl a 4. Aj4-> jl^j4—ft ftjftjlj_2w ^jb^ift 4-Ju j /o 

?4^4-4l£ jl£ftjUb<L& 

B-C-D-A-j C-A-D-B C-D-A-B - v D-C-B-A -) 




i_ 





DNA —— 


rinnnnri 


D 


C 


-DNA 

-B 


•A 


X A B CD 


4-J jlj^lHUjlj^a. ^4 -;b^-. • • v w j4—loIj4j ^4Juj ^4-jb DNA 4 aIi4AAAi j4-J i 

c jdJdJ gLb djj-J IJ4_^4 jI jll 4-1 4-£ d4-j4^1i4j d-jMjll ^j| J_oL^4j 

4Jl 4-^ jb_iduj j4 —j ^oLJdj Jjlj-i,l4 A j—J 4-Jgjj 1^4 j 4.,,^4\1j 

? ?? CM^I^Ui4i ^Ijb j4S t£j£»J 

= C ^jljSAbl_dj^ =B c^4_S4j ^jlj_Sll =A —jI^jj j4_^4j 

.4^4jI jb (£4y\4\\y -X tjkdjl^ ^jlj^jJLjLa^ =D Cjk«uluu 
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ChfONd fjA (5J9J <-jL£<u><LiLjcu (599j<uju*iA 9 4_iU 9J 

♦ V v ♦ ♦ 


dJOOjJdJO JjL^a J<UQ M QQ^ 

<l^ 9 lj<u 

V ♦ 

0^j« 9 1 CP-^^jhy 

V 

ljjIjjj 1 i ib. 

I WH 1 Y V 

J^ii 09 | ljLsj^a 1 | 

V 

O**^ 



| 0 


jUAA (5^9^ 4^Ll - ^jLiIIQ'V j^joL <L£i - ^)lj9ul 

fj[ 0 ] SHE |ChranetART H 0 | 07704644378 





























